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ABSTRACT ... 

This NCHS.R research program in the application of 
computers in health. 9are--conducted over the ten year span . 
1968-1978--identlf led two areas of application research, an inpatient 
ca,^e support systeji, and an outpatient care support system. Both of ' 
these systems velN|K,conceived as conceptual frameworks for a related 
network of projects and ideals that would eventually converge into a 
real information system. The description of the inpatient care 
support system includes use cf computers in hospital information 
systems, clinical laboratory systems, radiology, electrocardiography, 
patient monitoring, and emergency medical care. The section on the/ 
outpatient^care support system includes use of this technology in 
ambulatory^medical record systems, the physican's office, and 
telemedicine. /in addition, this report describes information support 
activities, including computerized databanks, c 6k futer- based 
consultation, special hardware, and specific projects aimed at 
transfer^ring proven technoloaies to health care settings. A list of 
technology* program projects supported by NCHSR and h selected 
bibliography are appended. (Ruthof/RAO) 
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F6r«wor<l 



This irport documents ttn years of inedic^ carf coinputcr 
applications \rc^arch by the National CcMitcr for Health 
^ Services ReJ^arch (NCHSR), much of which resulted 
^ in beneficial imiovations implemented into thj^ health 
care system. What also |i^s been achieved is a \learer 
and more realistic vie*v .c>l\ thr potential of computers 
to' address problems In tlvr-health area. VVc now know 
that computcj:s can be gainfully used and will be ac- 
cepted in sonte of the more .obvious health applications 
at the institutional level, sifch as hospital infonnation 
systems and ambulatcny medical record systems. What 
He;5 ahead is to exiend and expand this ixwarch experi- 
ence in two directions. One direction is to explore the 
ways of aggregating the health service informatioh avail- 
able from computers at the institutional level, and making 
^ it available at the plaptniig and resource allocation level. 
The other directiofHs to utilize the'ex^Misive clinical data 
bases that are becoming available as a result of com- 
puterization to improve the medical care ])roiess. These 
Arc challenging go^ils for NClHSR and ones that ffold the 
promise of advantageously modifying the health system. 

I 



r.erald Rosenthal, Ph.D.- 
Director 

June 1979 
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Program accomprthmantfl 



The pflforts by the National Center for Health Services 
Rrsearch (NCHSR) in the application of computers in 
hcaltli care have resulted in a number of noteworthy ac- 
complishments. Among these accomplishments ai-c the 
demonstration and evaluation of a comprehensive hos- 
pital information system, the development and dissemina- 
tion of a new medic^il computer language, the ^design of 
^ - a commeix ially marketable automatedjunbulatory medical 
record .system, the estAblish|nent of clinical databanks, 
and the development .and release of a computei -ajisisted 
^U*c trocardiogram analysis pi>fgram. 

A demonstration of the Td:hnicon Corporation MIS-1 
l)Ospital information system at El (^amino Hos|)ital, 
Mountain View, California, 4jid^concurrent evaluation 
by Battelle Columbus Laboratories documented improved ' 
hospital operation. Bonefits were realized in the im|)rovcd 
quality of patient care and the increased productivity . 
of the nursing staff following the implementation of the 
system. 

^ The Massachusetts Ceneral Hospital Utility Multi 
Programming System (MUMPS) is aj new computer 
language developed to meet the s|M?cial needs of medical 
computing. MUMPS provides a common language for' 
developing and exchanging medical programs. It has been 
accepted by the American Natiqnal Standards Institute; 
has enthusiastic user gix)up^ in the United States, EurojKj, 
Japan, and South America; and is widely marketed b^ a 
number of computer companies. 

The Computer Stored Ambulatory Medical Record 
(COSTAR) system was developed initially for use by the 
Harvard Comn^)unity Health Plan. The success in that 
setting in terms of improved record keeping, more ra- 
tional allocation of resources, and im^joved patient care • 
led to the development of COSTAR V. This new system 
was designed to meet the needs of a variety, of lambulatory 
medical care settings from large health maintenance or- 
ganizations to small grbup practices. * "X-^w* 
Two clinical databanks were Established and demon-^ 
Nj^rattd, one at Duke University for coronary artery diseafie 
aiv9 otker at Stanford University for rheumatic dis- 
eases. These databanks make available aggregated, Jpn^,^ *^ . 
gitudinal clinical b5cp(:rience that significantly "i^ptjil^^^^^^ 
the ability of physician^ tq care for patients with tlfieii^ 



chronic diseases. A further benefit of databanks is that 
>.they make available data that allow a dynamic assess- 
ment of emerging medical technologies. 

Tlie Electrocanliogram Analysis (ECA») program wat 
developed and released for commercial use. This activity 
reiuhed not^only in improving the' quality of electro- 
cardiogram analysis ainjl increasing the pnxluctivily of 
cardiologists, but also contained tlie coat of this widely 
^ used n^edical ser\'ice. * 



Current pfof^ram 

Tlic current program of, NCHSR -as it applies to com- 
IHJtei^ in health care has two major but related thrusts. 
The first is the development of an Inpatient Can; Sup- 
port System and the second, the development of an Out- 
patient Care Support System. The inpatient activities 
are tlie logical sequelae of tlie successful demonstration of 
a hoMital information system (HIS) at El Camino Hos- 
pital. Thes^ inchide attempts to computeri/e nursing care 
plans\and the medical audit functipn. Information on 
HIS characteristics will be developed that can serve hos- 
pital decision makers who are faced witli the task of 
selecting and implementing such systems. The develop- 
ment, demonstration, and^valuation of.the.highly sophis-' 
ticated Problem Oriente<!NMedical Infonnation System 
(PROMIS) is being carried out. PROMIS not.only func- 
tions as a hospital infonnation systen) but serves as a 
source of medical guidance and consultation to the physi- 
cian well" PROMIS facilitates access to^edical knowl- 
edge and supports the user in diagnosis and therapy 
selection- ' * ' 

The outpatient program is closely related to the success- 
ful development of the COSTAR V system. COSTAR V 
\% |>erceivcd as a vehicle that will provide entree to am- 
buJatory care settings for additional computer applica- 
tion pi*Ograms. Small automated laboratory devices, inter- 
active patient history progams, patient education, 'and 
training (unctions currently are being considered in con- 
junction with COST All development. A wide range of 
consultation and guidance prograjns air in v.iribus stages 
of i-eadiwss. They ultimately will be tested In ambulatory 
|»e settings in the context of COvSTAR V. 
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A nutnlK^r of Infomiation Support Activities are identi- 
fied. Th% most important of theie ir the establishment 
of databanks. DatabanVs in coronary artery disease and 
rheumatic diseases currently are being expanded and ex- 
tended in attempts to detemiine their utility and accept- . 
ability to physician users. Ultimately, other diseases will 
be included in the databank effort. Other information 
^upflbrt activities include development and testing of 



various consultation programs and (he development of 
specialized hardware. Some typical computer-based con-»\ 
sujtation ptx>grams help the physician.to select the correct 
antibiotic, restore the patient's electrolyte balance, and 
interpret laboratory results. A special hardware device 
was designed to make possible fast, accurate, reproducible 
measurement of X-ray angiogram images. ^ • 
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Since its inception in 1968, the National Center for 
Health Services Research (NGHSR) has been concerned 
with the development and application of computers in 
health cai^ settings. In the com-se oj this extended and 
continuous effort, some ir)0 grants aAd contracts were 
supported, insulting in numerous research reports, fonnal 
evaluations, state-of-the-art studies, surveys of the field, 
syntheses, user guidelines, and operational sy,stems. These 
research pix>jects reflect an attempt by the NCHSR to 
match technological solutions- to the problems facing 
the Nation in the health area. 

It has been observed (Tierncy 1978) that over the 
past 20 years the focus of Federal programs has shifted 
from access (Medicare, Medicaid, and training more 
physicians) to quality (establishment of Professional 
Standards Review C)|gani/.ations---PSRO'8) and most 
recently to cost (containnient of inpatient hospital costs). • 
It is not suiprising then that similar shifts have occuned 
. within the NCHSR .research program. This rejx^rt will 
review the accomplishments of NCHSR in the area of 
computer technology and present the current status of 
its program. 

The application of compiiters in the health care sys- 
tem usually takes two fontis. One form is capital sub- . 
\ stitution, where machineiy is used to do a job fonnerly 
perfonned by people. This manpower-sparing application 
provides a pptentially attractive economic Hrade-oflF since 
the cost of machinery usually declines with time whereas 
personnel costs tend to increase. The other form is the 
undertaking of taslcs that previously were not feasible by 
^anual methods. With the increasing ppwer and sophis- 
tication of computer machinery, more and itnore complex 
and burdensome tasks in health care are being addressed, 
by computers. The underlying rationale for the NCHSR 
program in computer technology is that the careful intro- 
duction of technology will facilitate and/or make possible 
the innpvations in the health care system that will assure 
the system's ability to respond to the .demands that ^re 
likely to be placed on it in the future. 

A principal goal of the N^HSR program is to improve 
the delivery of health care both in inpatieht and out- 
patient settings through the application of computet/ 
technology and information science. The objectives of 
the program are to develop- an Inpatient Care Support 
System and an Outpatient Care Support System. These 




support systems are not to be thought of unitary hard- 
ware/software systems that exist in one place at one time. 
Rather, cadi is a conceptual framcvrork for a related 
network of programs, projects, and ideas that may eventu- 
ally converge into one of the projected support systemi.^ 
The basic functions of l^th such systems are {o 'record 
the component transactions of the care process; to 
communicate and distribute orders for materia services, 
and information; to provide information support for 
both clinic^d and facility management decisions; to assure 
that all sj>ccified seiS(ices have been performed; to auto- 
mate tasks that are e|ther too repetitive or too intricate 
^p be efficiently carried out manually; and t^o generate 
and update various reports and files. 

The resealnch has been directed toward serving the 
needs of the health care administrator whose responsibil- 
ity is facility management and the provider of care whose 
res|x>nsibility is 'clinical management. In the area of 
facility management demonstration and evaluation efforts 
have focused on computer applications that support ad- 
mitting activities, business and fitiancial functions, piedi- 
cal recordkeeping, cost and resource allocation, dynamic 
staffing and scheduling, utiliiation review, medical audit, 
quality assurance, and patterns of practice. In the area of 
provider.- support the focus has been on the provision of 
diagnostic and prognostic aids, information to improve 
the selection and individualization of therapy, interactive 
treatment protocols for physicians assistants and nurse 
practitioners, record systems that facilitate the continuity 
of care and the assurance- of its quality, and computer 
consultations for a wide range of special problems. 

Ati overview of the NGHSR technology program from 
196Q.. to 1978 is depicted in Figure 1. TJite conceptual 
starting points when the program was initiated in 1968 
are shown on the left. The starting point ifot the Hos- 
pital Information System effort walj a study that defined 
'the Information needs at a hospital nursing station and 
the knowledge gained from prior unsuccessful attempts 
to implement large systems. The need for a common, 
^ easily programmable computer language became ^ident 
when attempts were made to write complex programs 
'that required repeated iterations and a high level of 
interaction with a medical us^r. It also was evident that 
computers could aid physicians in their practice settings, 
allow them to share clinical experience in databanks, 



facilitate their access to medical knowledge with con- 
lultation prograim, and relieve them of certain repetitive 
tasks through automation. ^Probl^ms of uneven distribu- 
tion of medical man|K>wer>lcd to an examination of the 
role that telecommunications might play in redressing this 

^ Ovarvlaw of lha NCH8PI Program In Haal 



imbalance, ^he retearcK^^projects th^ t evolve (jfo^i thcip 
conceptual sturtirlg poinU are indicated in the center of 
the figure.: The- ultimate objective x>f these activities b 
shown on the dght. 

Cara Tachnology-1968 to 1971 
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The accp^plishments -of the program arc presented in 
the indented paragraphs below. These paragraphs arc 
variously quotes, excerpts, or summaries from the final 
reports of the individual projects. The intent is to provide 
the salient findings of the research in the words that the 
. investigator used to portray them. At the outset, it should 
be not<;d that a single project stands out as having bcen^ 
seminal to much of the work in this field. That project 
IcfKto the development of a special computer language, 
MUMPS (Massachusetts ^neral Hospital Utility Multi 
Programming System). Many of the computer programs 
described throughout this report were written in that 
language. 

MUMPS was specifically designed and developed 
to address data management and information proc- 
essing problems in ihfi delivery of health care. It 
facilitates the jVianipulation of text so that any piece 
of data may be inspected for format or for content 
(such as particular key words) ; its hierarchial file 
structure, is tailored for the medical record with its 
many different levels of importance and detail ; and 
•it is a high-level language with its syntax and 
semantics oriented towards the kind of problems 
that it will be used to solve, rather than any particu- 
lar computer (Barnett, HS 00240). 

The 1974-1976 irtteragency agreements between 
the NCHSR and the National Bureau of Standards . 
to develop a standard MUMPS Language culmi- 
. . nated with the 1977 announcement by the American 
National Standards Institute (ANSI) that the 
MUMPS Language Standard had joined FOR- 
TRAN and COBOL as. the only computer languages 
apprx>ved by ANSI (O'Neil, lAA 730001). 

During the 1974-1977 project period to demori- 
strate thfs-vftkie of user groups in the dissemination 
of medicAl information, the number of institutions 
utilizing MUMPS .increased 6Ver ten-fold, from , 
less than 50 to over 700, and spawned comparable 
* user groups in Europfc, Japan, .a^d South America 
. (Zimmerman, HS 01540). 

NCHSR has made important ^contributions in the 
demoQstrdtion and evaluation of information systems 
• as a tool to improve institutional management. The work 
started with a study'of the information needs of a nursing 

ERLC 




station which was followed by a, survey of efforts in the ^ 
field. 

The lytient will bet(efit from use of Medical In- 
fonnation Systems since the hospital facilities (beds, 
drugs, and staff) will be more readily available, 
routine serv,ite and emeiigcncy responses more timely 
with reduced errors, and tranifen of vital records 
and tliirdv party billings will be handled more 
- expeditiously (Kittle, HSM 110-68-47). 

"During the i>eriod of this study (survey of the 
state of the art of computer-leased automation tech- 
niques applicable to hospitals) no single business 
or clinical system was observed Jthat soIVed all of 
the data processing ifequircmcnts of a community 
hospital There is obvious need fo;* some central 
agency to establish a system of evaluation and 
standardisation to brin^ a degree of order out of 
. the present ch^os. Otherwise, the potential bencBts 
to the national health program through the use of 
% computer-based techniques will not merely be lost,^ 
but, unless controlled will be a major contributor 
•{o the furtlier spirating of the cost of health care 

(Fetters, HS 00167). 

t. 

This early work was followed by an extensive demon- 
stration and independent evaluation of a comprehensive 
hospital information system (HIS) in a community hos- 
pital setting. A study of a^ modular approach^ imple- 
\tienting an HIS also was undertaken. 

4 

i 

A modular approach to implementation of a 
hospital information system^-was offered to an as- 
sociated group of hospitals. They were given the 
opportunity to test various modules and link them 
together. Certain modules such as admissions were, 
successfully implemented on a stand-alone basis. 
Other modules required the synergistic linkage to 
other modules to make them cost effective. Imple- 
mentation of all modules on a hospital-wide basis . 
did not prove feasible dutj to the failure of the 
adrninistrator to get firm commitments from all 
of the dep^tment chiefs before the project was 
initiated (Edwards, HSM 110-70-368) . 

The study results show th^ HIS hds improved the 
, ability of the El Camino Hospital staff tg deliver 



patient cai^ jis lueasiirecj by more readily Available, 
moiY complete, and moiv amirate information used 
for providing care and for monitoring patient prog- 
ress. The timeliness of the administration of tests 
^ and piwejlures improved with tlie better .communi- 
cation and coordination among mirses, doctors, and 
supporting departments using the systehi (Barirtt, 
IISM 110-73-3:n). 

A suivey of automated medical lYcord systems jii 
'^unbulatory care settings was completed and was followed 
by a demonstration of a t'oitiputer ^Stored Ambiilat()i7 
Record (COS I AR) system at the Harvard ((;::pmmunity 
Health Plan (HC!!P). This demonstration |K)inted out 
the utiliXy of the system both in concuiirnt review and 
iYtr<)siK»ctive analysis of practice problems. 

An intensive 1974 efTort to identify ambul?^oiy 
health care facilities tliat were in some stage of 
development or use of an Automated Ambulatory 
Medical Record Systmn (AAMRS) located over 
175) sues. Of the 175 sites, oidy 30 sites met jhe 
criteria that the content of the mMical record should 
^ l)e high. Of this latter group, only one site showed 

actual cost savings that exceeded the cost of tlie 
/ AAMRS (Henley, HRA 106-74-118). 

There are "two HCHP OOS I AR concurrent review 
pmgrams in routine o|)elation. The liist identifies pa- 
tients with a i)ositive thixlat culture for Beta Heniolytu^ 
Streptococci for whom tfie record fails to indicate ap- 
pmpriate antibiotic therai)y. If there is no record of 
therapy four days after a positive culti>^'e, the provider is| 
notified automatically. During the 12-month pericxl prior 
to using the proguim, about eight |>ercent of the records 
which had a positive culture did not contain a record ftf 
antibiotic treatiuent. In the last seven months their were 
oidy three cases in which thev was no record of appro- 
priate therapy by the teiuh day after the positive culture 
(Barnett, HS 00240). 

A similar prograui follows .patients with newly dis- 
covered hyperten<fi«n. Provider-generated criteria specify 
that within three moiuhs of an initial measuremeiu -of 
a diaetolic blood pressure equal to or greater than 100, 
a patient must be re-evaluated. If the pressure is still 
elevated, the patient must! be -evaluated againi.-witliin 
three months. If still elevated, an appropriate set of 
» tests must be obtained to identify the cause of the hyper- 
tension and extent of the disease process. The program 
is executed every two months to monitor conformity to 
the standards for patients who had an initial elevated 
diastolic blood pressure identified six months prior to 
that time. In cases which fail to meet thy standard, the 
provider i$ notified by ^ letter from the Quality A.ssur- 
ance Committee and asked to complete a questionnaiie 
as to whether the standard is in error or does not apply 
in this particular patieiit situation, or expaining the cause 
of the deviation and what is being done 'to correct the 
error (Barnett, HvS 00240). 

Using COSTA R, total population medical record 



-^searches were quickly made by the Harvard Comnumity 
Health Plan for the following (Barnett, HS ft0240) : ' 

1. A physician needing printouts of the medical rec- 
ords foi all pati<MU.s with a particular diagnosis wfu) were 
coiu urrently on a particular medicine. 

* A listing of all women receiving a ci»rtain sequential 
birth control pill, which PDA had removed from the 
market, so that each could 'be contacted Hoarding Alter- 
nate medications. 

3, A imtritionist requesting a listing of all lier patients 
with recorded weight losses of over 10 pounds. 

4. A listing of cliildiXMi with Incomplete immuniza- 
tion records, 

Some efTort has been made by the NCHSR to fjxplore 
the extern to which computeis might function to relieve 
some of the burden in the labor-intensi\^» settings of the 
('oronary Care and' Intensive CJareA^nits. Research re- 
sults suggested tliere did not apj)ear to be significant 
improNTuients in many instances. Therefore, "guidelines 
were prepared to assist decision makei^ in the selection 
and expected benefit from this kmd of msttillation. 

The controlled stuc^y in the critical care unit 
.showed no significaiu difTereiue 'ki moibidity and 
mortality b^tween the cxperimentil group irceiving 
computer-aided theraj)y and the C ontrol group as- 
sisted using chnveiuional technicpjes, although the 
data sh^w that the suu)othneBs of blood piv.ssure 
^regulation and the pattern and amount of blood in- 
fused was improNcd- in the experimental group 
(Morgan, HS Of 472). 

The *'(;uidelines for ('omputer-Based Patiqnt 
Monitoring Systems" permit the hopsilal adminis- 
trator, physician, muse, and board member to weigh 
V, ,,the need against co.Vs in moiu^y, time, space, and 
HtafV, permitting them to determine if a system 
is needed and, if .so, ^which one (Wechsler, lISM 
I 10-70-406). 

One of the earliest attempts by the NCHSR to help 
the provider of health care cope with the increasing de- 
maifds for .services was the development of an automated 
system to accpiire, iuteri)ret, and report electrocardio- 
gram.s' ^KCC's) . ? 



In Augu.st of 1972, when the :^year NCHSR con- 
tract to demonstrate a community- wide computer- 
assisted ECC sysf-in ended, tbv* over 20 participating 
Denver area hospitals elected to coiuimie the |Xoj- 
ect on a fee-lor-sei vice basis. In 83 perceiu of the 
i;ases, Denver-area ^ electrocardii^grijphers agreed 
wuh the computer primout and made eithei' no 
amendment or only miiu)r amenduieius before cer- 
tifying its validity (Klliott, HSM 110-69-414). 

By 1977 over 2,000 hospitals aiul jin ecpial imm- 
ber of clinics anjd physicians* oflices hac^ adopted" 
the (computer-assisted I^K(;) technology, primarily 
through telephonic linkages with national and re- 
gional FXX; service companies (Drazen, HRA 230 
75-212). 
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A timilar effort to automate the flow of infonnation 
in the radiology department resulted In two interesting 
and useful systems. 

The Missouri Automated Radiology System 
(MARS) provided the initial demonstration that 
all the functions of film library management, de- ^ 

« partnient recordkeeping, fadiology management, 
and patient scheduling and billing could be cou)- 
puter generated in an information management 
system acceptable to both the patient and the pro- j 
vidpr (Loriwick, HS 006.46). ^ 
The CLIP (Coded Langiiage Information Proe- 

" essing) system of computerized X-ray reporting was 
developed to |>ermit rapid retrieval of medical in- 
fonnation from the vast accumulation of radiologic 
report files. Such files are now stored using a classi- 
fication code, representing about a 90 degree reduc- 
tion in storage space, or the equivalent of storing 
on a single disk tie annual output of a 500-bcd 
hospital doing 60,000 X-ray examinations per year 
'(Simon, IIS 01054, HS 02099), 

Other projects aimed at improving the operation of 
the clinical laboratory inch^ded efforts to automate the 
white blood cell count, provide^iscrete sample handling, 
and speed the reporting of insults. 

Nationwide over 100 million difTcrential white 
blood cell counts are performed annually at a cost 
in excess of 250 million dollars. The Tufts-New 
• Eng^land Medical Center prototype automated cell 
counter will handle up to 80 percent of the routine 
test cells and flag the remainder for manual iden- 
tification by the cytologist, pfTering potential cost 
savings of up to 50 percent per autolnated cell classi- 
fication, improved quality control, and reduced 
manpower requireinents (Neurath, HS 00696). 
Tlie 1974 Connecticut Hosi>Ual Association report 

• on hpspi taly costs jjer laborato^ work unit showed 
^ the clinical laboratory at the Yale-New Haven Hos- 
pital, despite its national rcognition for high quality 
control, the lowest in the state at $.08 per tmit 
compared to $.l() to $.12 p^r unit for other hospi- 
tals in the state (Seligson, HS 00075). ^ 

Th^ Youngstown Hospital Clinical Laboratory 

• Systeni, developed over a six-year period with 
NCHSR research monies, now provides routine 
clinical service to a consortium of three area hospi- 
tals. It is accessible via an inexpensive ($50) adapter 
to a standard touch-tone telephone by all referring 
physicians who receive tl^ lab results by computer- 
generated T *Voice answer-back.'* ' Another feature, 
"Auto Call," phones the physician at the instant the 
Jab results are available and by computer-generated 

""^Voice answer-back," urges that the results be iwed 
as quickly as possible in the hope of shortening the 
patient's stay (Rappaport, HS 00060). « 

Some effort was made to iptrq/Juce automation into 
the private practice settings^ Two projects, CAPC^ and 



On-Linc Medicaid Claims Billing, addressed varioui 
physician office activities. 

The assessment of the wtilfty of Computer Aids 
in the Physician's OHice (CAPO), sliows that the 
most cost-effective way of pr(>viding computer serv- 
ices to medical office practices will be through small 
stand-alone systems rather than through in-oflfic« 
tenninals- supported by a remote service bureau 
(Castleman, HSM 110-71-244). 

Medicaid billings were entered on-linc) from the 
physician's office using a standard Toiidi Tone tele- 
phone equipped with an inexpensive Card-Dialer. 
The cltita were immediately cneck^d by computer- 
generated - "voice answer-back" for patient eligi- 
bility, appropriateness of the charge, and confirma- 
tion of the diagnosis and therapeutic procedures. 
The total daily transactions for the almost 200 par- 
ticipating physicians could be transmitted to the 
carriers, appropriate state agencies, and eventually 
' the. banks in machine-readable foi'in, resulting in 
improved cash flow for the physician and reduced 
costs of data preparation and 'audit by all parties 
Mesel, HSM 110-71-252). 

Another major area of activity of the NCHSR has been 
to explore ways to facilitate the physicians' access to the 
body of medical knowledge that is usually reserved for 
. specialists. This type of activity is exemplified by a num- 
ber of projects that in effect attempt' to provide expert 
consultations to the generalist. A program designed to 
lielp physicians manage patients with electrolyte im- 
balance was successfully developed and tested. This was 
followed by development of an improved system for as- 
sisting iiv caring for patients with urinary tract infections, 
by MYCIN that assists in antibiotic selections, by Moni- 
toring' and Evaluation of Drug Interactions, by a Phar- 
macy-Oriented Reporting System (MEDIPHOR) that ' 
■wartas of potential drug interactions, by CARE that 
guides the provider in the management of certain criti- 
cally i\l patients, and by HELP, (computer program to 
help physicians) that addresses a much* wider range of 
practice problems. 

<« 

For each one million population, 200,000 sets 
of electrolyte deterniinatibns per year are performed 
at a cost of $2.5) million\e.g., in Boston $7.5 million 
are transferred from pati^ts and .third parties to 
laboratories and lipspitals as payment for these 
' del^rminations. In the non-univei^ity-affiliated hos- 
pitals, approximately one-fourth of the measured 
electrolyte values were martc^ej|^ abnormal. When 
the charts of thes^ patients were examined, half, 
showed evidence of significant mismanagement ac- 
cording to 'the conservative criteria used (Bleich, 
IIS 00188). ■ 

' Testing the (Electrolyte and » acid-base evalua^- 
tion) computer program using board examination 
nephrology questions in the American College of 
Physicians'^ Self -Assessment H.xamination, a previ- 



ously imtraliiViI .imiividuar was ixlAv to oulpnforni 
98 |)(M( (MM of pliysK i;ins who considcM* kidney miuI 
(•l(M*tr()lytr disordris to Ix; \\\c\v iwva of s|)(Mi:il 
. iiiU-irst (Hlridi, IIS OOltiM). 

Ihiiiaiy tract fu((M tions in woiikmi ai(* a coiniuoii, 
iiiipoi taut iMcdical probhMii lor wlijch pi ofc^^sion/d 
h(*lp is sonH^tiuK^s u)ia\ ailal)!^ and alw.iys rxpnisivo; 
these iiilectionf ;nr- (Mratically li(\it(Ml and poorly 
uiKlcrstood. An iilmiai liv(* ( ()ni|)iir(M ( an pix)\ idt* 
thr basis for hrlpiiiy fhc patirnt' from thr tinio sIk* - 
pn\S(Mit7i wit^ dysuria. Lhroui;h the ^(Micratioii of .i 
prescription for therapy, to a slMi(*s' of follow-np 
sessions that ch(*( k th(* saf(*ty and elVect i\ (Miess of 
' the tiratnient (Hh^^ich^HS OOIMH). ' ♦ ^ ' 

I hc M^'CIN (artilu ial inteMig(MiC(M ' program is, 
^ of intrnvst td C()nipnt(*Y sc ientists he( ans(» of its novel 
oii»ani/ati(^n of clinical, pharmacologic al, micro- 
hiologiraj knowl(Mig(\ its incMlfods for a< M*^'"^'^'*^^^ 
n(*w inhM(Mi(;^iil(»s, its nse of tlu* kfiowJedg(* to gi\(* 
ad\ic(\ and its ahilityMo (^xplain tlu* reasons foi its 
decisions (Cohen, HSJllSU). * 

Ahhongh no ellec^.t oivhMiglh of stay ( ould I)(*s(*(Mi. 
the MKOIIMIOR .e\ah!atio^1vStndy did detec t som^ 
, important and statisti( ;dly/ sighnlit aiit ( hang(\s that 
can In* attril)ut(Ml to the svsjem; "tlic nmnber of 
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prohhMns existing in the practice of medicine: lack 
of coordination jnnong thos(* wlio supply rai(* k> 
pati(Mits; (*xcessi\(* reliance on memory in the '<le- 
n\'(»i y ol c;in*; hu k of r(*(\j)r*led reasons why oh- 
S(M \ ations w(Me rtuuh* or spH ilic ac tions tajten ; and 
lack of fe(Mlback lo^jxs, which piev^ents the use of 
patient information to improv(» the.H'are of an in- 
dividual patient, Througlr its reci.uirenuMits for ex^ 
pliOj^ess and its (oopling ( apability/IM<( )M IS not 
only points out those an^as ulnch re(piire coord i no- 
tion b(*twe(*n hoalth can^ personnrh it also irveals 
wh(Me^su(h teamwork is lacking- It (ollatc^s and 
r(*c(V(ls all data ;ic('ording to the reh^ant mc^lical, 
pr(xl)l(Mns \so that each m(*dical s(M vrces provider is 
awan* ol the hnisou for tlu* ser\ i((> ai'id liow it re- 
lates to t'h(^ t«ral niectical care (Weed, IIS 00173, 

Vhr results of this .study, are most eonsSs^ent with 
tlu* initial Jiypothesis: that the amount of d^^ta p;»- 
sented. to the pKysieian per unit tim(* is more than 
h(* ^an, pro(V\ss wtthout error; the (\>f<iputer. aug- 
nuMits th(* phys^i( ian's ( i^pitbilities and th(M'(*l>y re- 
dilces Ins error rate ^( MeDonnK fIRA 10(5-74-18, 



penent, and tlu* peicentage of pati(Mits 
mon* than oik* iiUeracting pair of prescriptions 
thopptni from W percent to 2 p(M*(ent (('olien, IIS 
007S1)). ' ' 

I 'sing m(\rsined an(L dtM'ived* paVamettM>i\al)()ut 
the indivichial pati(Mit and the di\(Mse state, the 
('AR1\, syst(Mn d(*\(;loped !it tin* Hi,dTalo' (;eneral 
Hospital snppoits tlu* att(*n^j^ physi( ia^i by lecam- 
mending the apf)ropriat(* therapy for the < riticaWv ill 
patient sulh^ ing from bm ns^ trauma, or (Mrdio- 
vascular-res|¥irat()ry shock (Sjegel, IIS OlMlS). 

*|-he abilit\ of the IlKKP syst(Mu impleiiKMit^d at 
thj:. Latter-Day S.iints ( 1 d )S ) Hospital ih Salt Lake 
(lity to g(MKMa (Mlata for analysij^^oi medical practice 
may prove to l)e Ms most \'ahiai)!e featun\ M(\ ans(* 
the system amonKUi( ally r(M( ts to each jK^w.data 
(Mitry and examines it in the cont(*\t of pre\ious 
data on this^ticMU according to ruh^s spe( ili(\| by 
^ the medical logic stoK^l in tin* form of det ision 
crit(Mia, the apjfiopriati* nuvlical knowl(*(lg(* can b(* 
promptly brought to,i)(\n\(^n ea( h pali(MU'j* probhMU 
(Warner, HS OlOSliK 

i 

A (ompn^hensive att(Mupt to guide* tlu* physician in 
caring for bis pati(MU is (Unbodied in tlu* Probh^ln Ori- 
ented M(Mlical Information (PROM IS) System. Tbis 
system contains an (*xtensi\"e body of medical knowhnlge 
that th(* provi(l(M can a( < (\ss in tin* < oui/c* .of oidering 
and KMording ( arc* transac tions, Anotlfer. syst(*m nosing 
piT)tO( oHiTised remaind(*rs prompts tin* provider t<^ carry 
,ont a pn*viously (\stablish(*d protocol. 

T*R()M1S was desigiH*d to .sol\(* four iiuportaiU 
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piescriptions per pati(*nt wav reduced bv 10 per- ^ j . v " . ' V ^\ • / 

, ,1 I . . * . ' 'l' 1 1^ usuigWOi''^h;u^;d clinic;;*] exp(M-i(*noe to inlinage s)afts(»ts 

((Mit, the late ol nU(*ra( tmg ,p^^(^rlptlons by -Id ^ - . i ^ ti'^ l'" T-kt^^S^ 

: ♦v "-^' \\'ith" vlvn)hic iHness nvsnltecl' in tlKV (-s.t^mlis-nfli^ 
^ ivceiviutf, I ' I ,' «' ' ' 'a,* * ' » 

d;Jta/>ahks,.()lie ^vlth yxt(*nsi\(* dinical tI'^.-v^^J^ pat!e,nts* 

with coronary Jrtlery <liseas(*, and the otheftl'>n:t]^1iaitji^ 

with rhK^uatic (ijs<\»^es.,.Hoth bf th(\S(* (jITorts ba\^' hn- 

|>ortant uii[)licatioHs' f(*)r impnn ing clinie|d nKmngei\umt 

a_nd reducing tlu* costs of,c;in\ " * 

1.^ '* What is iummUmI is a nuMllodology which 'deals 
* with tj|(* compl(*xity of chronic illness* one which 
- , ties the out|)ut of 'clinic al res(*aVcJi to^tlu* careN)f. 
in^lividual pati(*nts and on(* whiclOprovi'd(*s* tlu* best 
way to \rilidat(* dinical obse^vjitious .ivith more 
dinical obser\ ations. ('arefully *coll?*( t(Hl data m th^ 
continuously growing information Jl)asr at Duke 
Univ(*rsity showe<I that th(\ addition* of m()rJJsl^-o 
ti(*nts to the subgroup pr^*viously report(*<l as having 
a high(*r survival if tn^ated su(ji^ically ( aoi tocoronary 
bypass^ faibnl ib coillirm that obs(*hation (Rosati, 
HRA 2W-7r)-0:]00). ' ' . 

Although various studies pn^viously found that 
many h(*art attack pati(*nts can b(* discliargcnl safely 
(*arlier than has been tin* practice, tlu* Duk(* Ibiivei- 
sity study is' th(* lirst to sugg(*st that discharge can 
safely be ma(U' as (*arly as S(uen days aft(*r the h(*art 
attack. Karly dis<*harg(* o^ tb(* h(*ari*5Uta( k patient 
(onld sa\(* (he patient fSv his h(*alth insurance* plan ' 
$KS()0 >t) $2,000 and, if practiced widely, cdu.UL 
sa\ e million ofV th(* Nji^oiTs annual 'inetlieal 

bill (Rosati. IIRA-2:?0-7(;-0:?00), 

'I'lie Am(*rican Rheumatism As>?ociatioii Medical 
Information Syst(*m (ARAMIS) maintains, a group ' 

nin(* parall(*l databanks acTessibh* thrAugh a^na- 
tioiial ( bmnnmi(*atitin m^twork and t^ontg^ns data on 
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over 6,000 patients, 30,000 patient visits, nnd .10 
^ million, data items coverings 19,000- patient' years of 
observation by 37 institutions. The databanks were ^ 
clevelof)ed for particular institutional strenRtlis. Ex- 
amples of thcs« orientations are databanks for con- 
•nective tissi^e diseasif, epidemiology, juvenile arthri- 
tis, myositis, systemic lupus erythematosis, comfnunify^ 
practice of rheinnatology, adult arthritis, relonstruc- 
.tive surgery, sclerodenna, SLR,* myositis, and Ray- 
naud's'phenomenon (Fries, HS 01 87v5) . 

• A. cluster of exploratory projects examining the utility 
6{ a'vaViety of telecommunications techniques in rurab 
ahd urban health* care settings has been ymdertaken by 
the NCHSiJl. TJie e^y^efience gathered from t^u-se activi- 
ties was incorporatecl \nih a hartdbook, ^ 

r NCHSR-support(xl research in the use of telecom- 

munications technology demonstrated that telcin<vfli- ^ 
'cine imprdves communication between health care 
facilities and facilitates the transfei^ of patients .be-^ 
tween facilities having varying levels of medical 
expertise*. It also can b? equally eflcctive in avoiding 
unnecessary patient transfers (O'Neill, HRA 106-' 
74-182>. . ^ \ 

• \ The l)i-directional cabl^v TV systen\ linked the 

group practice, its satellite clinic, and theJlO-bed 
Wacoiiia (Minn.) hospital. The physician in the 
'geographically isolated clinic was able to "visit** 
with his hospitalized patients and ''attend" emer- 
gencies, without closing. the clinic and depriving the 
rural area with needed primary care services 
(Wempner, HSM 1 10-72-386) . 

The Nebraska project used slow-scan television, - 
similar to that used to send pictures from the moon, 



to transmit X-ray images fipm rural hospitals to the 
Nebraska Mcdioal Center. The availability of expert 
radiologic advicf; resulted in the immediate transfer 
y of some patients who suflfercd'from conditions more 
serious, than suggested by the admitting^agnosis 
to the University Hospital with its specialized fatili- 
ties-4Wihon,HS 01210^^ ^ 

In the East Haiienjf cable television project,. al- 
most 80 percent^ of the neighborhood clinic's tele- 
vision consultations were . sufficiently complete to 
avoid havinf^ to s|ud 6he children to the orthopedic 
climlvat the.Mt. Sinai>&:hool of Medicine (Mar- 
shal, HSM 110-72-382, HS 01392) . . ^ 

^n Cleveland*rCase Western Reserve University 
HtDspital, expew pediatric (portsultations were. made 
available, using t^ty^wfty^lpvision, to a small inner- ^ 
' ci^y hospital. Tbe expert was able^ to "visit," on a 
' daily basis, each infant in the newborn mirsery and 
in pediatric intensive care unit and discuss its 
progress or problems \yith th'fe nufsing staflf. A second 
link enabled the Unit^ersity-bas«d anesthesiologist to. 
provide back-up support to the nurse anesthetist at 
another remote hospital (Gravenstein, HSM 110- 
72-383, HS 01390). ^ 

The analytical toois that cam-parrow the range of 
R&D projects and field trials nc^ed are discussed 
in "The T^lehealth Handbook: A Guide to Tele-« 
communications Technology for Rural Health 
Care." The Handbook provides inf(^rination to po- 
tential usfers of the technology interested in initiat- 
ing a telehealth project; and^i^usses a range of 
technologies from expensiv^cfcteractive video and 
computer-supported systems to the inexpensive nar- 
rowband systems using standard telephone equip- 
ment (O'Neill, HRA 106-74-182). 
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The cost of hospital care is increasing at a. faster rate< 
than any other sector of the natior^I economy. This in- 
crease was 100 percent in the short span from 1970 to 
1975 even though wage and price controls were in oper- 
ation for the hospital industry for approximately half of 
this period. Since 1950 the cost of a hospital hed day has 
risen more than r,000 percedt (FelAtein. and Taylor, 
1977), placing in jeopardy the national goal of providing 
health care to all citizens and seriously burdening current 
programs such as Medicaid and Medicare. The quality 
of inpatient care is also an important concern. Rising 
njalpractice insurance rates are causing' providers to seek 
new^ w^^of assuring acceptable quality of care. Policy- 
makerslBieing growing evidence that current trends are 
causing over-utilization of some resources and under- 
utili^ation of others, are seeking imprdVed methods for 
|XJrf6^Jtain^ medical audit and utilization review. 

The NCHSR Technology. Prog ram has siipported, di- 
rected, and coordinated researcih directed at applying 
computer .tecl^nplogy to improve th^ quality of inpatient 
care wFfile reducing or coiftaining its cost, with special 
emphasis on ^ appli<;ation5 oorj^erned with information 
processmg. jjireas of a,lfospi]taJ mos^ affected include 
the- nursing, areas (wher^ ciiye is delivered), ancillary 
support departrnenrts (e.g^ c^nic^l labcJEiratory), manage- 
ment, (including business ^ffice).,. Emergency care, and 
spwji^liztfd applications such! aS^'utomated patient moni- 
^^ji^ng_ in intensive care units. ^Ml" of these applications 
t involve infori^ati^n ^socessing. 

The main'thrust of the Inpatient Program is to evalu- 
, ate and demonstrate new"^ applications for existing tech- 
nology. Only idativeIy\rpinor system development efforts 
are currently/being supported. A* interest in these sys- 
tems grows the he4>ital community, NCHSR feels the 
responsibilj«5^' to tljjro^ide the user community with re- 
search data- to ^nalble them to develop effective guide- 
lines and TecQO^ehdations concerning the acquisition, 
^ impl<;mentati^n, and operation of this technol^||^- 

T^e principal cpmponen^s of the inpatient effort are 
^ospital ipfprmation systems, clinical laboratory systems, 
.VadU)lo0}^fstems, computer-assisted electrocardiography, 
patfent'^6hitoring, and emergency caret • ' 



' Hospital infonnation systems. It has been suggested that 
the primary reason for the rapid rise in the price of 
hospital care is the willingness of pt^ents to pay for ex- 
pensive care (and doctort to order it) because insuiance 
now finances a much larger ahart of those payments 
(Feldstein apd T^lor, 1977) . Whether high prices are 
due to inappropriate use of medical resources, which is 
enc6ur*ged by present insurance practices, or are caused 
by legitimate increases in the costs of services is difficuh 
to determine and harder itlll to control. To meet this 
challenge of spiraling prices, i^search eflorts must b^ 
directed towards helping the hospital industry beconf 
more efficient, while maintaining or improving the qual- 
ity of the care it delivers. A promising tool for achieving 
Ijbese eilds appears to be the Hospital Information Sys- 
tem (HIS) (Hodge, 1977). . / 

It is estimated that information processing accounU for 
as much as 23 to 39 percent of th» cost to care for in- 
patients (Jydstrup and Gross, 1966; Richart, 1976). If 
this cost can be redu^ and at the same time the sched- 
uling of personnel and services can be made more effi- 
cient, considerable savings in the overall costs of hospital 
care would be achieved." Hospital Information Systems 
also support activities such as litilization review and 
PSRO programs which are aimedN^t reducing inaj^ro- 
priate and unnecessary services (Jacobs, *976; Schmitz, 
1976), and provide improved patient care, processes 
(speedier reporting of laboratory results and reduced 
medication errors) and more easily retrievable medical 
information (surgical abstracts of pertinent new pro- 
cedures) . The NCHSR used the results of early projects 
which helped define thft problems (Garrett, PHS 108-66- 
299; Kittle, HSM 110-68-47,) t#*develop a demonstration 
and evaluation plan which proceeded along two lihes. 
One approach was the demonstration and evaluation of 
a^comprehensive hospital information system designed to 
link all nursing stations and service departments and to 
replace substantial portions of the current manual system 
of ordering, reporting and recording. The other approach 
was to demonstrate and evahiate modules (laboratory, 
pharmacy, etc.) op a serial basis with the' intent of even- 
tually linking up all the modules at the nursing stations 
to form a comprehensive hospital information system. 
Although modular implementation initially seemed to 
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be a more dc5irabU^ approach in terms of cost and case 
of implementation^ the ex|:>criencc with two projects 
(Gall, HSM 110-71-128; Edwards, HSM 110-70-368) 
suggests that tlie comprehensive system implementation 
may hi^ the better approach. In 1^)71, NCHSR awarded 
a contract to El Camino Hospital, Mountain View, Cali- 
fornia to implement and demonstrate a comprehensive 
HIS (Gall, HSM 110-71-128). A second contract was 
' awarded to Battclle Columbus l.abbratories to perform 
an independent evaluation of the Impact of the system 
on the hospital (Barit^tt, HSM 110-7:K331). Based on 
results of these projects, a lunhbeiNof^fi^lnsion^ can l>e 
drawn: 

I. HIS jjystcms can be exported to different types of 
hospitals (Hodge, M.I.S., 1977)., 

2:- Nurses ' and physicians will use a \vell-designed 
system (BarMt, HSM 1 10-73-331, 1975) . 

3. The hospital community is poorly informed about 
this technology (DuRois, C.A.F.I.A.M.I.S., 1976). 

4. A benefits realization program is necessar>' to reap 
the cost benefits of HIS (Gall, et al., 19751. 

5. HIS provides a variety of benefits to the hospital, 
medical st,iff, and the patients, intluding increasing pro- 

„ductivity and providing more readily available, more 
com})lete, and more accurate infomiation for injxuient 
care (Barrett, 1975). 

The Bnttelle report measuring the economic impact of 
the HIS al El Camino Hospital will be available by 
Augu.st, 1979. 

Interest in and availability of commercial HIS's has 
grown steadily and over ten vendors offer systems ranging 
in complexity (and cost) from simple order entiy, charge 
capturing, one-way systems to comprehensive HIS 
(Tedxnicon MIS) capable of storing and making re- 
trievable major portions of the medical record and pro- 
viding functional a])plications such as charting of medi- 
cations, patient profiles, and^ nurse care planning. 
NCHSR has also supportt^ the development of the Prob- 
lem Oriented Medical ^Information System (PROMIS) 
at the University of Vermont (Weed, HS 00175; HRA 
230-76-0099), a system which will have the message 
switching capabilities of the most advanced HlS plus 
several innovative features including total medical record 
J storage, a sophisticated medical care guidance system, 
• and an exceptional data base from which to perfortn 
utilization review and medicaj audit. 

Hospital Information Systoni implementations will 
-sharply increase during the next few years. If the largest 
2;b00 hospitals in the United States were to acquire 
comprehensive HIS's it is estimated that a market in 
excess of $2 billion would have beerT treated, t^urrent 
commercial inve.stmpnts in the development of HIS ap- 
pear adequate; however, GovernmVnt support for the 
development of new approaches to medical care (e.g., 
- PROMIS) Is needed and the NCHSR hopes to continue 
to support such activities. 

The ainoiint of objective information on HIS technol- 
ogy and the benefits that can be derived is almost non- 
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existent and, with the exception of the EI Camino Hos- 
pital project, there have been no objective studies under- 
taken to evaluate HIS in opei;ationaI settings. .Activities, 
aimed at educating the user coirtmiinity (hospitals) have 
l>cen too general and not particularly objective (much 
of thfe information has been provided by the venders) ; 
consequently, our future HIS activit)? will focus on edu- 
cating the user community and evaluating the technol- 
ogy. A primary emphasis in the education process wjll be - 
the pit)posed development of a HIS handbook for use 
by hospitals, a looseleaf document that can bf period- 
ically updated as^ new infonnation becomes available. 
Supplemented by periodic HIS workshops and symposia, . 
it phould fill the void of needed information. In the evaU 
nation araa new studies of the •sco|>e^ time, and cost of 
the El Camino Hospiul project probably will not be 
lj\un^ied. One new evaluation approach ?mder consider- 
ation would define potential l)enefits, including measuv- 
able cost savings based on existing and anticipated in- 
formation processing requirements. Actual benefits could 
be documented after a regison/ible time following system 
implementation. Another approach wjjuld employ tar- 
geted, case studies of HIS implementations, emphasizing 
the benefits realization process and the implementation 
experience. 



Clinical laboratory systems. The NCHSR contributions 
in the area of clinical laboratories have been in the 
development of an automated wliite blood cell analyzer^ 
a discrete sample analyzer^ a computerized voice answer- 
back device for automatically reporting laboratory results, 
and in i]\e evaluation of some of these systems. In the 
United States . about 5 billion clinical laboratoiy tfests 
arc made per year in the oyer 7,000 independent clinical 
laboratories, 7,000 hospital laboratories, and the esti- 
mated 88,000 physician office laboratories. 

In the last 10-15 years, demands placed upon health 
care facilities to provide accurate and rapid processing 
of patient test specimens have exceeded the capacity of 
manual n\ethods. In the current state of the art, large 
computer systems that automate the assay process are 
interfaced dirt^tly^with information systems that process 
massive quantities of data and 'reports, and keep accurate 
records of medical, statistical, and financial information. 
These systems effect systematic organization of laboratory 
results into a readily accessible data bank for use in ^ 
patient care and reseairh, eliminate clerical errors, make 
results available more rapidly, and increase staff produc- 
tivity. NCHSR supported the development of the Tufts- 
New England Medical Center prototype, automated, 
interactive computer system for differential white blood 
cell counting (Neu ralh, HS 00696). At Yale University, 
a discrete san^le analysis system has been developed that 
reduces the number of tests performed, improves quality 
control, enhances communication of laboratory results 
to the I'eferring physician, and reduces laboratory costs 
(Seligson, HS 00075). H 




At ihr Nfassliclnisotts (^nirral Hospital, a iiHnlnlar. 
( (>iii|)nl<T-l)asr(l lalM)rat(>! y iiiloi mat ion systiMU has Uccn 
(Irvoloprd ihiU is one of iUr largest in tlu^ l)mt(Ml States 
(llamrtt, IIS (M)2U)) lli lalnnatoiv (Oinpijtci system, 
*|)i(>^i.nninr(l in MUMPS laiijfia^^r, iiu Inclrs \\\r lollow 
ini»: (!) a- lilc-onrntcd infonnatioii |)io( rssiiii; snhsystcm 
lor ircriviiii; spciMiunis, pi (^|)aiiiii» woi kshcrts and lah- 
orat<4iY trsr rrpoits, answering test irsnit iiuinirics, and 
piovidin^ a( ( oniitini; and statistic al rcpoi ts loi niaiia^c- 
UMMU. (2) oM-hnt- suppoit loi a vai ieU' ol tciiniiial 
displays that pciinit innltiplr nscis to pciloiiii iiuiltipic 
fniutiotis siDniltanconsly , mu\ ('.\) an interactive rti- 
pahifity with lapid icsponsr U\]\r that fac iiltirs (jnalily 
(ontral thiout^h the iMiin(<.hat(' dctccJion and Ircdhack 
ol nioi^. 

At the \'onnt;sto\\ n Hospital, a ( (>nn^)ut(M -hascti < lini( al 
lal)Oiat(uy*sysl(Mn JiasJ)ccn dc\clopcd h)i \\ucc hospitals 
tliat shair (liincal lahoiatoiy s(M\i((\s (Kappapoit, HS 
()()()(>()). ()\(M 2!) ( hnnical and hematologic al tcstini; in- 
stnnnrnts :ur intn lac rd with the (OJiipntcr svstcni. I n- 
(•^\|MMisi\ I on( h Tone key pads allow phvsi( ian users to 
order tests .vnd ohtaiii the icsnlts hy ( (Mnpntei->i;en(M ated 
\ ()iee answ(»v-l>.»< k »»s soon as they aie available. A fnrtluM 
refineiiKMit, "An to (^all/' antomatirally telephoiu^s the 
results ol tests to tlu^ do( tor at the waml or at his pri\ ale 
olli( (• outside the hospital as an (Mh ourai^euient for him to 
hegin tuatment or disehaif;c tin* patient MK)n(M aiul 
rc^huc the hospital \lay. A ( niient studv is iiu csti^atim; 
tliis interval Ix^tween the time the phvsi( ian re( (M\cs 
such infoimation and the time he makes patient man- 
ai;(Mnent dec isiou^ 

Radiology. Radiology is one of the most eostly of health 
sei\'i(cs, witli over 2 10 million X-rays recorded annually. 
One ol the nufic piominent prohK^ns in radiology is < on- 
(eincHl with the ie|)ortini; and retordini; of the ladi- 
oloi;ist\ X-ray interpretations, in ( onventional systems, 
ae(*oi(lini; to tin* Aineii(an (!ollei;(^ ol Radiology, ovci 
iJ!) .>()er( (Mit of ajl intei prrtatioub are dictated. The radi- 
oloi^ist dictates -^his findings into a di( ta| >Jione and a 
typist trans( rilx^s th(^ report for his later review and 
signature. I\\peiiene(^ in \arious hospitals indi(ates that 
i* takes one to liv(^ days to jJiodnce this lepoit and i;et 
^tlu^ infonnation to the n^feriini; physieiaii. Automat(Ml' 
( ()n)put(M i/ed radiology reporting svst(Mus that rediu e 
tlu* tiiiH^ to produ((^ stan(lardi/(^d text reports are (Oni- 
n»(M*eially nvailahle. I lowe\ cr, althons^h the.s(^ syst(Mns 
reduce the tim(^ to di'^tiihute the X-ra\ report, t!u»v phu e 
additional hnnlens' on tli(^ i.ulioloi^ist. 

The I'nivetsity ol Missouri Automat(vl Kadioloi^v 
System (MARS) was d(^\(doped for compn!eii/ed man- 
agement of di( tated reports, s( hc^dnlini;. and lilm tiac 
inp. It r(V (*ntly has Krvrn <*\t(Muled to [)i()\ ide ondiiu^ 
X-rav intei puMation icpoi tini; hy use of < oinputiM ter- 
minals displayini' a set of possihic ah(inatives-i elated 
statements. I1ie radiologist types in a nmulxM lorres- 
ponding to oik* of th(*se statenuMits and is gi\ (Mi the option 
to elahorate on these statements hy reipii sting a fnitluM 
list ol chol( cs, rims, the radiologist (onstnuts his re- 



directly on the CRrlerminaL aiul the ?r|K)rt is 
instantly available at all the wards, (anrently, 70 per- 
((Mit of thr i^uliologisls use this system instead of the. 
'traditional dictaphone, MARS is also used for manage- 
ment^ ol the a( tivili(»s ol the jadiology departnuMU The 
syst(Mn schednle^^ patients (resulting in less waiting time) 
and keeps tia( k ol X-ray lilin. Tliis is ?u-complished by 
ha\ ing ch^ks type the *^ippropriat(* information into a 
CIR r teiininah Schedules and lilins air marked l>y f^ar 
codes (similar to fhos« used in supermarket < beck-out 
stands) and a light is nwept ac i-oss the bar C(h1(» in- 

stantly 'leading and recording tlie data (Kodwick, HS 
. 0()(i-H>). ' ' , 

An American (lollege of Ra<liology pioj(Tt al the 
UIn\(•I^ity of Aikansas, develo|Mvl a Diagnostic Radiology 
Information System (DRIS) which allo\vs the radiologist 
to dictate his K^port in the usual way, but mcludes a 
(Oin])Uteii/ed uMiieval System that assists the radiologist 
in bis ( HrnMit int(M prestations by retrieving old n^jK^^ and 
displaying them on llu* ('R l\ The system catalogues 
reports I'ising a standard radiology tTK^saums, operating 
similarly to an on-line standard library-typ(? n^trieval 
system. Although at tlu* Ibuversity of Arkansas, it 

did not lind a((rptanc(* at other bospitals (Harnhard, 
' IIS 00.'')2r)). 

At th(* Uiu\-cisity of Vermont, a radiology reporting 
syst(Mn has been integrated witb the computerized 
Problem Oriented Medical Record System (PROM IS); 
VUc radiologist interfaces directly with tlu* terminal, 
ent(Ming bis n^port by s(dectiiig with his fing(M the a|>- 
pn)piiate pluas(* or d(\scriptor dispjayed on th(* *'toucb- 
sensiti\c'* ClR T si nv-n. Many thousands of CRT display 
frames ha\e Ix^en de\rloped for ^bis purpose. Mie sys- 
tem has not l^ccu icsial outside of the University of 
Wiinont (Weed, llt^ {){)\7^))\ ^ 

'l\\c I'Viiniingbain Ihuon Hospital Rapid rrlephone 
A(((|ss System consists of a bank of tape (ass(Mtes into 
which the latl^i^logist dictates hi.s K^port, Tlu^ referring 
physician tluMi can access the r*q)oit by telephoning the 
cassettes. Vhc system has not Ix-eV^. acceptabh^ to ra<li- 
ologists be( anse of the waiting time to access casS(*tt(*S 
by t(dephon(* and Ixm aus** tin* system (hx-s not allow the 
compilation of .statistical and other time-related Igpoits 
(Weintianb, HS 01, '^(W).^ * 

At the Massachusetts (JeiXMal Hospital, a radiology 
subsystem has \)Crn int(^giat(Hl with tlu^ computei i/<»d 
medical ie(ord system, A !!)74 .study, using 7,(K)0 X-rays, 
nv|uired tb(* radiologist to sel(M*t ( boi( es on tlu^ ('RT 
teiminal with a light pen, Tlu^ franx^s wtM'e arranged 
using a hieVan hial, hianchiug tree logic with important 
interconn(*( tions betW(VMi portions of the tree to avoid 
the display of unix^cc^ssary inat(Mial. Kadi cboi( led to 
anotluM display frame which permitted the entry of 
^nixlifving terms. The radiologists tri(Hi tlu* system for 
nearly a ycM\ but ncvcv acC(^pl(^d it berau.se of tlu* re- 
lu(tan((* to use tlx^ computer teiminal^ It is important 
to note that this svsiem was not iiitegrat(Ml into the 
ClOSTAR medical iiilorniatioii jjystiMU devc^loped for the 
Ilarwud (loniuiunity Health IMan terminal (Uarnett, 
HS 00210)/ 




A Trmplo llnivemity evaluation of the RatlioIogyltC'^ 
jK)rting Syntrin (RAK)R) showed that even though such 
'systems arc cost effective, they will not be widely ac- 
ce|)ted by radiologists because of the time needed to fill 
in mark-sense cj^ids. A computcri/.cd interactive schedul- 
ing system. Temple X-ray Scheduling ^TEMPLEX) 
also was evaluated^ and although there is still competi- 
tion l>etween inpatit^it and'outpatient desks as to wbnm 
should be put in Mmi ixx)!!), the system has been, ac- 
cepted by the hospiVl because it reduced paticn\ waiting 
tiiue and inc*t*asecl diroughput (>Shea, US 01!x(>6)^ . 
^ At the Beth Israel Hospital in Boston, a^shorth^md 
Cloded Language Infonnation Processing (CHP)^ Sys- 
tem has been developed thai allows the radiologist to ty|)e 
1 or 2-digit codes diuWtly into a" CRT terminal. Each 
code produces a standard paragraph of the X-ray rt*i>oM 
on the scrcei^, so that only the hare minimun) time of thf 
ra(Hologist is nupiin'd. The menu of code^ ^nd other\ 
choices presented on the CR'l terminal foixSe.i t^ie radi- 
ologist to input terse, structured information iiui\ makes 
the information nioir reliable and retrievable. Vhh system 
cmi-ently is under evaluation. In a second pi-<)ject, a 
voice-actuated system in which/the radiologist'^ voice is 
encoded and serves as a direct /input to the computer is 
l^eing developed. Since dictatioh is the preferred method 
of rcporfing by nearly all radi^:)|>ists, the voice-actuated 
system may be more acceptable to them and still permit 
the report to he instantly available to all parts of the 
hospital (Sim^n, US 02099). 



Computer-assisted electrocardiography. The |2-lead 
resting electrocardiogram {ECG) is the most widely used 
of all medical proceilures in the prevention, diagnosis, 
and treatment of heart disease, and current estimates of 
its useVp**^'^""*^^^ million tests performed each year 
at an annual cost appro^iching ^wo billion dollai^ 
(Dreifus, 1978). Ihe use of computers to analyze the 
ECG was first demonstrated prior to 1960 (Caceres and 
Barnes, 1969; Pipberger, 1965), although it was not until 
1969 that Computer-assisted Electrocardiography (CAE) 
became an acceptable diagnostic procedure routinely 
used in health care delivery settings. Barriers to its 
earlier adoption included computer costs, an inadequate 
(high noise) teleph^ system, and the bulk and com- 
plexity of special Acquisition equipment required to 
record an ECG for computer analysis. Private sector 
R&D investments in digital recording and transmission 
techniques, (not specifically addressing health care de- 
livery needs) were largely res|>onsible for overcoming 
these barriers. Since 1969 the private sector has continued 
to absorb the major costs associated with system "pack- 
aging,'' huinan engineering, and software development, 
while federally supported efforts have emphasized 
demonstrating the technology (Elliott, HSM 110-69- 
414), cost effectiveness studies (Dra/en, HRA 230-75- 
212), and technology transfer (Hsieh, lAA 0003). Be- 
tween 1969 and 1973 NCHSR distributed over 400 
copies of its ECG Analysis (ECAN) program to health 



care institutions. Widespread 'adoption of the lecJmology . 
really did not l)egin until 1972; however, the rate of 
gjx>wth haa been 'al>out thirty to (i(ty percent per year 
over the last few years. It is doubtful that commercial- 
ization and diffusion would have oicurred as rapidly with- 
out e^rly Fed.eral'sup|x>rt. ^ 

The major* benefits asso<.iatcd with the computeriza- 
tion />f electrocardiography are usually reported as re- 
duced turn-around u time, increased accuracy, hnprovcd 
quality of tracings, and increased access to ECG services, 
although one epidemiologic study reported an improved 
diagnostic ca|>abil!ty and a 1976 survey ref)orted some 
cost containment. 

In a follow-up study, the .5-year incidence of 
myocardial infarction was significantly higher among 
those subjects whose electrocardiograms were com- 
puter-interpreted as giving .evidence of possible or 
probable infarct, but in whose papei^tracings the 
caitliologi?jts found no signs of infaix^t, (Newfield, 
1973). 

The cardiologist is reported as requiring approxi- ^ 
mately 60 percent less time to interpret an ECG 
when assisted by automation, a reduction expected 
to be translated eventually into a deciv^s^ in cost 
and reimbursement charges. This pix)bably will take 
the fonn of cost containment; that is, cardiologists' 
fees will not rise as rapidly as inflation. Tips eflfect 
\has already been observed at one site, and cardiolo- 
gist fees are now approximately one-half of what 
they would have been otherwise. Anbther site had 
lowered candiologist fees • following a\itomation 
(Drazen, HRA 230-75-212). 

When the' above data are combined with data from 
other manpower utilization studies, they show that the 
use of Computer Aided Electrooirdiography (CAE) re- 
duces the average reading time of the cardiologist from 
125 seconds per ECG to 31 seconds. A savings of approxi- 
mately 1,000 cardiologists man years would be realized 
if all eighty million ECG's were so interpreted. The im- 
pact of shifting ^his time saved to direct patient services 
has not been evaluated, nor has the implication for future 
medical curricula been examined. There currently are 
almost 100 operational computer systems in the United 
States providing jGAE services to over 2,000 lK>spitals and 
an equal number of physician offices, and clinics.. By the 
year 1980, it has been estiitiated that over 100 million 
electrocardiograms will be taken annually and 1,500 
analysis centers will be in operation in the U.S. (Frost 
& Sullivan, 1974). ^ 

One of the recommendations s|>ecifiecl at the American 
College •of Cardiology Conference^ ^'Optimal Electro- 
ciirdiography ' (April, 1977) was that every adult Ameri- 
can should have an electrocardiogram for the purpose of 
providing base-line Infonnation concerning their cardiac 
status (Dreifus, 1978). Federal incentives are not needed 
or desifeble to enhanc.e^further diffusion of this tech- 
nology, Icffd certificates-of-need requirements are not likely 
to have a negative impact on the expected diffusion of 
CAE. The targeted market for the next five years wjll be 
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iht siimller hospitals and physic iaii offirra that wit mioit 
likely to contiart |or the scivicT on a ^*pei' FXKJ analy/tMf* 
basis iatl)rr Mian piuvhasr an analysis system. Ho>vrv<*r,, 
thr rapitl difliision of coinputcr-assiitcd rlrc tix>raich- 
ograpliy, has n^iphasi/rd tlic nrrd for national stand- . 
atxii/ation of diagnostic rritnia and int(M|,)rctativ(» statc- 
ninits, and the rstahlishnirnt of a data base for fnrlhrr 
IXX; rfsrart'h. Their is a iirrd for a service that wonl 
conipitre existing or ronteniplatt^l (lAK roinp^if 
pn)giaiiis. 
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Automated patient Apnittiring systrniH. In the late 
l%(Ts and early 1970X NC:HSR snpix^r^-d thl- (lemon- 
sti*ation and evalnation of roinputei -based alitoniated 
patient iiionitoring systanis* designed to ;\i(l nnrscs and 
physicians in the Ciue of critically ill patijtMits by providing 
continnous or inteiinittetit nionitoriiig of physiological . 
parameters- I'he s|K»cific monitoring Capabilities of these 
systenis air determined soidrwhat by the ty|)e of pjitients 
iHMng cared for; however, all T^f the systems monitor ihe 
basic variables such as blocxl pressure, heart rate,- and 
tem|HMature, C'ertaiii ,speciali/e(l systems are available 
that monitor respiratory parameters and cardiac ar- 
rhythmias. It was assumed that these systems would 
increase nursing productivity and improve the quality 
of care. Productivit)^ would be increased by re<lucing the 
need to re|K'atedly ol)seive and recorctjinaiyially pltysio^^ 
logical data, quality of care would be enhanced by the. 
continuous monitoring of physiological da la allowing 
one iHirse lo cair for more patients; quality of care would 
be enhanced by the continuous nionitoririg of the physio- 
logical data, allowing the physician (or hUise) to itiore 
accurately assess the status of the patibnt *and Ik* fore- 
warned of im|HMKliiig crises. Vendor's marketing auto- 
mated patient monitor jng systenis offer df'^ija;ns ranging 
fvoin relatively simple systems that measure the param- 
etei*s listed above, to r.'^ther ^sophisticated system^s that 
can automatically infuse l)l(K)d, fluicj.s, and c^rugs, and are 
controlled by pf^iysiological demand. In \\)75 there were* 
approximately 'M) systems in operation nationally. (Xii- 
rently, there may be twice tha'l'' huinber and the market 
potential is estimated to Ix^ two thousand linits at a 
total cost of $200 ijiillion (Wechsler, HSM 110-70-406, 
• 1975), , • ^ " • 

Autoniajed patient monitoring activities ^initially in- 
volved system demonstrations in scveraf hospitals. An 
evaluation contract, awarded to a»i independent or- 
ganization for the pur|X>sr of evaluatiTigv.the impact of 
this technology at these sites, later was expanded to 
include other systems which were not sup|)orted by 
NCHSR. The evaluation showed that syste^m costs vary 
considerably depending on the configuration, but gen- 
erally range between $15,000 and* $25,000 per bed, in , 
addition to the typical bed/day operational costs of $55 
to $1 10. The number of nursing .^tafT required to care jfpr 
patients was not reduced, although one system "allowed 
the substitution of lesser irained staff (LPN's) for more 
highly trained personnel (RN^s) (Wechsler, DHEW' Pub- 
lication ^Na 76^3143, 1977). 



Although usei-s have ir|X)rted that the ^patient's lif#^>\ 
was "saved'' by such systems, there is no definitive, 
(|uantitative evidence to indicate th^ tystenin Inive chaitgcd 
y overall patieiil mortality or iii()rbi(lity. The systems have 
jiflectetl physician anil iiui*sc IxJiavioi, and when used 
in a feedback' mode tend to standardize ^)atient care and 
prevent tln\^dip,s often eiicountrird during night shifts. * 
Further, the nufse spends inoir time Mendiiig to the 
patient and less time cx)llecting^'ftnd reoordhig d;Ua. 
An evaluation at th^ Imspital of the University of Penn- 
sylvania reported thnt its system did not show a ir^ilistic 
co«t/lHMiefit ratio for computer-aided monitoring of 
|x>st\)perative cardiac patients; it did nOt infliUMicc 
morbidity orHiim tality.; and it tlid UQt significantly alter 
iiursini^ activities (Edumiids,.Let nk, \977)7 Althouji^h/ 
some Ix'nefits aix* dVrived fixjm the^ use of these systems, 
it is not clear that this approach is a judicious use. of rc-. 
sources for most hc^pitals. Guidelines ^for the acquisition, ' 
implementation, and ^ipei-^tion of ai^^tomated |)atieiU 
monitoring systenSs were develo|K*d by 'N('HSR, Stress- 
ing the marginal utility of this technology, the guide- 
lines also ofTer hospitals, determined to acquire sucli 5iys- 
teiiis, additional information on the best way to go abovit 
it (Wechsler, OHKW Publication No. 76-3143, 1977), 



Kincrgciicy medical care. Section 1205 of t)ie Emer- 
gency Medical Services (EMS) Systems Act of 1973 
(I\ib1ic Law 93-151) and of the EMS Amendments 
of 1976 (Public Law 94-573) authorize a program of 
research in 'Vinergency techniques^ methods, devices, 
.'uid delfveiy:'' N(niSR is the DREW orgaiii/iition rc- 
sponsil)le"forJf administering this applied it^searcli effort 
and has funcj^xl,^ several projects vyhich use ' computer- 
.supported systenis and iifodules for providing appmpri- 
ate cai*e in life-tlfreatening medical emergencies/ These 
activities emphasize evaluative research, inauding analyses 
of the peifoiinance of systems and their components. 
Project results will be applied to current and future 
o|KM*ational EMS systems t^ make them more efficient^ 
effective, and res|X)iisive to the needs of the communities 
they seiA'e. 

Emergency medical services can be divided into three 
components: the immediate care outsicle of inpatient 
facilities (mobile rescue units manned by paramedics), 
the emergency facility (hospital emergency room), and 
the inpatient care (Intensive care unit and shock treat- 
fnent unit). 'I'lie use of computers has largely bee^i 
limited to the intensive care areas and to a lesser extent 
the^ emergency room. Optimal management of medical 
emergencies occm:riiig in the hospital includes methods 
for early detection so that' appropriate action (triage, 
diagnosis, and treatment) can take place in a timely 
'manner. AtMhe Latter Day Saints Hospital in Salt Lake 
City, Utah, a computer-based system ha.sl)een <levelo|>ed 
for hospital-wide monitoriiig which, according to fixed 
protocols, gathers physiological and clinical data on 
patients. It then uses these data to recogni/.e patterns in- 
dicating a threat to life and alerts medical stafV of 
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paHentft who may i\ccd more inttMinive care and monitor- 
ing before (^tuHlrophic conditiom develop that necessi- 
tate heixiic Hfe-savinn procedures ((Jiuxlncr, IIS 02463). 
The 8y»item also pixwides theia|>eutic assjjitance (using 
5toit!d proiocoN) in the ti-eiUme?u and tuaiiagement of 
patients in iiitensive cair facilities'. ^ , 
: V Another 4piojcrct strmses supf>ort of medical stalF iik^ 
the critical care areas. The (Clinical Assessment Rcscarth 
and Rduciition {(iAUE) system at the University of 
Buffalo is 1 consultative aid not only for jKist.surgical ' 
|)atients. \#ho often pnNsent the n)ost complicated 
metaboli^ pmhlems antl diflicuU ix'covery courses, but 
also man^ acute medical pn)l)lems of an emei^ent 
nature (Siegel. HS 0119.')). The system relatt^i these 
important probleifis to the ^most i-ecent literature as » * 
*1iving textlK)ok/' and jKMniits the physician to gain in- 
formation fj'om, anrf comrtumicate wi(|i» other .members 
of the health caiv /eam. A nationwide time-sliaml com- 
puter sei*vice now pllows widespread and easy access to 
the system. \ 

CiOmputei-s are l>emg JfTectively used for activities that 
indiiwtiy aHect EMS s^Ttems in a project to develop a 
computerized methodolgy for evahuuing emergency mcdi- - 
ral care |>erformaiice (Wolfe. HS 02902). If successful, 
this jipproacli cqiild become a national resource for use 
by c(^mmunities in assessing the efTecliveness and effi- 
ciency of their RMvS system. Another project is develop- 
ing a computerized quality assurance system that will 
benefit health care providers and administrators of 
Emergency Medical Services by providing an ol)jective 
means for measuring (juality of care and for improving ^ 
cAre througli educational feedback of audit results. The 
use of computers in I^MS systems is exjx'cted to incirase, 
along with applications aimed at improving the cducar 
tion j^nd elTectiveness of EMS personnel. The new small 
and inexpensive |x>rtable computers should find wide 
application 'in mobile emergency vans and as hand-held 
devices to assist in procedures such as cardiopulmonary 
resuscitation, and .shock treatment. 



Outpatient care support system 

Much of the health care delivered in this country is on 
an ambulatory basis. There are approximately one bilhon 
outpatient encounters each year or about four million 
persons seen per week day, and the cost of providing 
outpatient care consumes a major portion of the Nation^s 
health dollars. As a result of rapidly increasinj( costs of 
hospitalization third-party payers are enforcing increas- 
ingly stricter reimbui^ement criteriaffor hospital services, 
which in turn increases the demand for he^Jth care sei^v- 
ices delivered in already overburdened outjKitient facili- 
ties. The NCHSR technology cfTort in Outpatient Ciuv 
Support Systems provides .support, direction, and co- 
ordination for the cost-effective utilization of technology 
that increases the quality and accessibility of outpatient 
health care. A primary objective is to develop methods 
for defining the need for technology, and adaptinir, and 



utilizing cj^ting technology. A sccoWdafy obj^Mptivc U 
to develop specific tcciinologles where cxisting^tcch- 
nologics canjiot be uscfvilly configured or adajitcd to 
ambulntoiy health care deHvei^ requirements. 

Certain activities havo been initiated tliat repreJbnt 
concrete- steps in^iyi iterative approach t<Aachicvc 
al)ovc goals. One of tliese activities is to continue the 
development of ti»chnologies to meet high priority ncedfc, 
sucli as thc*ftbcatage of health care manp(>wer and the 
inefficient handling of infyrniation. Another activity is 
the careful analysis of existing outpatient systenli in an 
effort to precisely identify apd de^ne those, conditions 
that limit accearf, increase costs, arid inhibit liigh quality -^ 
care, and that are potentially amenable to improvement 
through techiyjlogical approadfes.* A further activity is to 
deyelop and iniplemeiU sj>cpific methodologies fdr evalu- 
ating current ancj future projects, in outpatient care to 
determine, whether the introdUct.i^V of innovations has 
produced some measurable bcrjefitv 

T\\c main thrust in Outpatient Care Support Systems 
has been directed towards the development of an auto- 
mated ambulatory medical record system. This api>eared 
to be the critical activity and the one upon whicli the 
remainder of tl^ program might be built. Such a system 
would addiVss the major data and informj^tfon process- 
ing needs in the outpatient setting. It woifid also provide 
a sound base from which other ambulatory services might 
be intmduced, such as the automated pixx:essing of the 
electrcx-ardiograni, use of computerized aids fpr physi- 
cians, and use of telecommimications to extend the reach 
and improve the level of Ciire. 



Automated ambulatory medical record system. Auto^ 
mated Ambulatory Medical Record Systems (AAMRS'g) 
have the capability of performing all or most of the 
registration, scheduling, accounts receivable, and'iyiedical 
record-keeping functions necessary to operate an am- 
bulatory care facility. Since all data ^re stored in com- 
puter-retrievable form, they are immediately available 
to the health care provider to aid in patient itianagement 
decisions an(J to ,the facility administrator to guide 
resource allocation decisions. The medical record com- 
ponent may include histoiy and physical examination 
data, laboratory and radiology test results, and such 
clinical information as progress notes, problem lists, 
presenting symptoms, diagnoses, and therapeutic inter- 
ventions* Some AAMRS*s hWe report. generation capa- 
bilities that enhance the continuity of patient care and 
facilitate quality of care assessments and utilization re- 
view procedures. A study of technology utilization in 
iin>l health care strongly suggests that an AAMRS with 
all of^these functions would assist physicians in medical 
decision making and patient care activities and would 
offer significant benefits in terms of the quality of patient 
care (Fifer, li)?')). r ^ _ 

Although there are numeroiijr medical billing systems 
on the market, number of AAMRS's that encompass 
all of the above functions is significantly smaller. The 
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NGHSR^poniored 'state-of-the-art rc|>ort which identi- 
fied approxi/natdy 1 75 AAMRS installations f(mnd\>nly 

- 30 that perfortned the medical record function, and less 

' . than a clozen of these were fully operational (Henley. 
IQ75),. Af colnpiitcr hardware costs continue to decline, 
^AMRS's will become increasingly attractive to gmup 
practices, liealth maintenance organizations (HMO's) 
and ambulatory caiT clinics. However, unlike many other 
technologies AAMRS's do ijot generate additional K^y^- 
nucs (as does a^i X-ray machine) ; the capital outlay, 
transition costs fqr entering records that had previously 

. impn kept on papeff and recurring operating costs must 
bcj absorbed intd the charge for each patient visit or 
s^^ice pr45Vided by the ambulatory care facility. Up to 
4t\C prescbt timej the major incentive (or buying a^ 
AAMRS ha^ been the automated billing fimctfon. l>ata 
from another NCHSR AAMRS study indicate that the 
costs of maintaining an /^AMRS can be offset by reduced 
personnel costs for the billing function alone, with total 
savings "resulting from increased nersonnel productivity 
projected at $90,000-$ 140,000 pe^year for a medium- 
size group practice (Pickett, 1975). 

AAMRSV improve communications between providers 
by making the medical record more accessible, timely, 
legible, and bette|||9|(gani7.ed. Quality of care can be 
audited more easily and groups of patients "at risk" 
identified. Unfortunately, many of these benefits do not 
represent sufficient incentives for the physician to over- 
come the large capital investment rei|uirecf. Other dis- 
incentives are concerned with privacy problems and the 
structu^d input requirement foimd objectionable by 
some practicing professionals. * 

Computer Stored Ambulatory Record (COSTAR) 
was developed by the Massachusetts (leneral Hospital 
to meet the information [)rpces5ing needs of the Harvard 
Community Health Plan (HCHP), a Boston-based 
HMO serving over 100,000 patients (Barnett, HS 
00240). Interactive computer terminals at each data 
entry point in the clinic are used by clerks who Routinely 

» enter all medical and administrative data. This signifi- 
cantly reduces the amount of paper generated in the 
process of registration, scheduling, entering medical data 
and accounts receivable/billing. After the NCHSR dem- 
onstration ended in 19^7, the system was fully supported 
by HCHP from operating revenues. This success of 
COSTAR at HCHP was lai^gely responsible for the 
intensified efforts by NCHSR to develop a less expensive 
and more exportable version of COSTAR for applica- 
tion in smaller ambulatory care settings. COSTAR V, 
the result of an NCHSR Intramural Research activity 
that involved the resources of'^the George Washington 
University (Yamamoto, HS 01449), the Massachusetts 
General Hospital (Barnett, HS 00240), ^md the Digital 
Equipment Corporation meets both of Ihcse requirements 
and fulfills all of the ipfonnation processing functions 
mentioned above. A public domain version of the soft- 
ware, written in Standard MUMPS, will be implemented 
in a group practice setting under two pending NCHSR 
contracts to demonstrate' and evaluate the efficacy and 
ct)st effectiveness of the systeiii. A NCHSR strategy for 



software dissemination, tecJinical assistance to adopting 
institutiqiis, user group feedback mechanisms, enhance- 
ment of^i technical dcoumentation and user manuals, and 
pixxedures for transferring the technology to private 
indus^ is under deveIo|)ment. Plaiis to use (X)STAR V 
as the vehicle for introducing other technological inno- 
'vati^ns into ambtilatoiyv.health settings are under con- 
sideration. ) 



Compufcr aiHs in the physician's office. There is a 
paucity of information in the literature concer^iing" sys* 
t^niatir .application and evaUiati^n of computer tech- 

^ nok^gy in the private practice setiing. In the early 1970's 
a demonstration of such" applications, "The Automated 
Physician's Assistant Project," was implemented Jby tl^e 
University of Missouri in a small rural clinic. However, 
it was found diat the technology had not advanced to 

' the point where it was useful in a clinical setting. Spe- 
cifically, the costs were high, the response times too slow, 
and the memory capacity of the computer too small. 
Further, the instrumentation was cumbersome and com- 
plicated and inadequacies of the telephone kystem caused 
noise and sigqal interfeirnce [)roblems that afTected the 
accuracy and completeness of the transmission (Lucas, 
HSM 110-)2-lJ9). 

In 1972 NCHSR began a 3-ye%- project, "Computer 
Aids in the Physician's Office (CAPO)/' that explored 
the potential value of introducing existing medical ap- ' 
plications (computer prograi^s) to smqll primary health 
care settings. Ten such ^ffiee^scattered throughout the 
northeastern United States, were equip|)ed' with inter- 
active teiTninals connected by telephone to a Boiiton-based 
computer. At each site the ^nedical and administrative 
staflT was acquainted with the existing applications and 
gi^cn the choice oft implemeJ^ting them **as is" or with 
minor modificfttion. As n>?w applications were ^fveloped 
elsewhere, they were added- to the list of choices. The 
applications included scheduling and ap|)ointment sys- 
tems, medical history questionnaires, treatment protocols, 
third-party billing and accounting systems, and various 
medical consultation programs. The medical history 
ai)j)Iications |)rovided o|)tions siich as Ceneral Medical 
History, General Medical Questionnaire, Acute Screening 
History, Insurance Questionnaire, Pediatric Allergy 
Questionnaire, Patient Education about Diabetes, Learn- 
ing Disabilities QiiestionnaW, Ob-Oyn History, and 

the patier 
applicatior 

were developed in the Meditech Interpreter Information 
System (MI IS) computer language'^ a dialect of the 
MUMP.S language. The study findings supported some 
of the observations of the Missouri group and questioned 
others. Tlie [)ractices were most interested in the billing 
systems, ahliough each individual practice wanted a 
system^^iuodified" to suit its particular setting, a require- 
ment tfiat was cost 'prohibitive. The general practice 
settings found the medical history applications very useful, 
but tile s[)ecialist settings, especially internal medicine, 



Patient, Education about Fertility. Some of the patient 
-applications .were available in Spanish. All applications 
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preferred the jihysitian-patlent encounter iii^ means of^ 
acquiring |Atient data. The limiting factor to rticir use 
in the general practice setting was cost, es|>ecially the 
added cost of tclecomnnniications. The physician con- 
sultation and tMiucation applications weirt largfly igftored 
(Gastreman. HSM I10^71W). 

One of the 'primary conclusiohs of the GAPO study, 
was that such* cotnputer program applications are not 
likely to be effectively utilized until the state of the art 
enables the implemeiUation of small, stand-alone com- 
puter systfms in each practice settijig. This 'prompted 
NtiHSR elToi ts ^o develop the GOSTAR V system dis- 
cussed elsewhere in this paper. 1 he medical practices* 
requiit^ment that most of the applications be modified 
.to inee^ their needs promfMcd the "Multi-'Environment 
Scheme" (MESCH) under development^at Washington 
University (ZimmeriVian, HS 02760). MESCH addresses 
the issues of the high cost associated with customizing 
computer application^ and the difficulties of transferring 
applications beyond the developing institution. M,ESGR 
would o^x^rate in three phases: (1) the practice is given 
an o|>e#ling softwanf packajje which presents a menu 
from which selections can be made to specify and detail 
the particular charactevisfics of the practice; (2) 
MESCH activates a software package which designs an 
optimal file structure and, most importantly, creates the 
appropriate code required for the needed ai>j)lication 
package, producing a custom-fit package that is generated 
without costly programming; and ^3) the application is^ 
ready to nm with the same efficiency as if it had been 
band written for the specific practice. 

Other computer aids that are being introduced to the 
physician office environment include computer-assisted 
electrocardiography and many of the narmw-band com- 
munications applications discussed late^ iri the section on 
Telemedicine, Of these, the EGG Vi{>plication is the 
most widely disseminated, and over 1,006 phyjician 
offices now routinely transmit patient EGG data to cen- 
tralized computer facilities foi; analysis and interpreta- 
tio^i. The sizeable Hilary of medical application programs 
di!<cussed previously m this section can also* be expected 
to be more widely used as GOSTAR and other physician- 
office-based, low-cost, and highly flexible computer sys- 
• terns begin to make their appearance in the primary 
care setting. * 



Telemedicine. Telemedicine utilizes telecommunications 
technology. to transmit voice, data, and images between 
health caris providers in geographically^separated sites. 
The term was originally applied to two-way television 
systems that were demonstrated in the 1960's to show^hat 
it 'was possible to "redistribute" physicians and make 
more rational use of existing health care resources by 
centralizing scarce specialized personnel and permitting 
their expertise to be distributed via telecommunications 
and an instantaneous, as-needfd basis. 

Telemedicine technology involves at least three kinds 
of costs: (1) capital investment and equipment mainte- 



nance, (2) pnyment for the services provided remotely, 
and (3) long distance telephone charges if the two 
communicating sites arc not in the same dialing area. 
Evidence to date indicates that benefit* do not cxeeed 
costs. Comparing television to telephone as a backup 
modality for a'nurscpractitioner in ncighbornood primary 
care clinics, the telephone proved to be the better modal- 
ity (Mj^irc, 1975). An analysis of two-way television to 
^provide l)ackup support for nuj^epractitioncrs in pediatric 
clinics showed that a single pediatrician would have to 
supervise five pediatric clinics in order for the system to 
'*break ^n.'^ In the ruralsj3rimary. care setting, it has 
been demonstrated that television \a not much better tjian 
telephone for purposes of comjng to a diagnostic dociiion' 
(Gonrath,J975). ftased on these observations, NCHiR 
contracted witW the MITRE Corporation to determine 
analytically and practically what technology is needed 
to support an isolated nonphysician provider (Phillon 
and Bennett, 1975; Doennann, 1975). 

One incentive for installing telemedicine systems in 
niral primary care settings js to provide a sense of 
"community" to practitioners who would otherwise feel 
isolated, a major reason for the unwillingness of health 
care providers to practice in niral areas. The disincen- 
tives, however, are even. greater. .A physician can see 
more patients per hour and make more money by having 
patients come directly to his office thaii he cah "^by 
providing telecon^ults via telemedicine. Irt addition, there 
is some concern about malpractice charges and indica- 
tions that insurance companies may increase the insur- 
ance premium of physiciafis participating in a tele- 
medicine activity (Gravenstein, HS 01390). 

Information support activity 

NGHSR Information Support^ Activities are directed at 
both the Inpatient and Outpatient Support Systems dp- 
scribed previously. For the most part these are concerned 
with information handling programs that assist the pro- 
vider. Using large data base techniques, the provider has 
acqess to an aggregated clinical experience that he can 
use in fonning the prognosis and selecting the appropriate 
treatment. With the burgeoning knowledge base in medi- 
cine, there is a need to facilitate the provifler's access 
to that, knowledge, and a variety of consultation pro- 
grams have been developed ^hat^^perform that function. 

Databanks. In medicine, recording extensive and de- 
. tailed ipfonnation about the patient has long been a 
common practice.. In fact, the quality of care has fre- 
quently been equated to the quality of records. In private 
practices these records provide th» physician with a 
longitudinal profile of his patient's health and are in- 
strumental in allowing him to provide a continuity of 
care that otherwise would be impossible. In the hospital 
setting the written record brings together the data from 
various sources in the hospital and^provides continuity 



aiixong the various .providers corKcrned with the patient's 
care. Because of /ftir way all thcflL* dfttif^rc organized 
and the information recorded, jt Is virtually impossible 
for most physicians to systeinati(\ally tap the clinical' 
r.x|)erienc« buried in their hies, aiW the physician has 
had .to rely on his memory. Retrospective steadies involv- 
ing hospital records required an extensive outlay of time 
and effort to comb the individual patient records and 
tease X)Ut the information desired for the study. With the 
introduction of computers for medical record keepfng it 
is now possible to examine the totality of clinical experi- 
ence within the file for the ihdWidual practitioner. Even 
moit* intriguing is the^prospi'Pt of being able to share an 
aggregated clinical (*xp<yience among interested prarli- 
tionefs in a particular area. ^ 

Almost 50 peirent pf the population suffers from one. 
or more chfonic diseases. Not all of these are disabling 
and debilitating illnesses, perhaps only 10 percent fall 
into that category, but it docs represent a significant Icjad 
on the health care system. The nature of chronic diseas^ 
is such that it 'requires the patient be given continuing 
follow-up and attention. Since disability is a frequent 
ri?sult of chronic illness, the economic impact of lost 
productivity, is significant. Further'^ chronic diseases fre- 
quently are characterized by an insidious onset; they 
^ojuetimes manifest a variety of inconsistent signs and 
symptoms, and progress in variable and uncertain ways. 
This makes the management of many chronic diseases 
expensive for the patient and a difficult and time- 
consuming task for the provider. It is only recently that 
investigators have developed applications of computers 
that allow the collection of large amo\mts of clinical data 
for analysis in ways that make it appear to the user as 
an aggregated clinical experience. ^ 

The initial efforts in this area were undertaken at Yale 
University where extensive longitudinal data were col- 
lected on patients with a diagnosis of lung cancer (Fein- • ' 
stein, HS 00408). By using survival as the outcome vari- 
able, certain key descriptors were identified in the dat^ 
base that were of prognostic value. These descriptors then 
were used to identify those patients who might benefit 
from s\irgical intervention and those who definitely would 
not. Based on theje conce^^ts, other databank efforts were 
undertaken. One of these, the rheumatic disease data- 
bank established at Stanford University, contains data on 
over 4,000 patients with various rheumatic diseases such 
as rheumatoid arthritis, lupus, scleroderma, and juvenile 
rheumatoid arthritis (Fries, HS 01875) . The ground wopk 
for this effort was developed by the American Rheuma- 
tism Association by sponsoring a cooperative effort to 
arrive at a common vocabulary, terminology, and criteria. 
A databank established af Duke University contains 
clinical information on some 2,000 patic.nts with coro- 
nary artery disease and myocardial infarction, including 
all of th'e history, signs, symptoms, laboratory tests, exer- 
cise electrocardiograms, catherizatior^ laboratory data, 
and progress notes obtained in the course of the patients' 
clinic visits (Rosati, HRA 230-76-0300). This informa- 
tion is analyzed to assist the physician in making the . 
choice between treating the patient medically or treating 



him 8ui*gically. The system' plcki out all patients in^the 
databank who are similar to the one curix^ntly un<lcr 
treatment and |)re.sents the information hi Kibular fonn. 
't he physician then is in a |)osition to contrast the out- 
comes of the patients in the two groups, surgical vs. 
medical, in terms of sur\MvaI, freedom from pain, and 
restoration of function. It allows both patient and physi- 
cian to consider all of the jxMtinent factors before making 
important ttx.*atmeiit choices. The project has been sue*- 
cessful in identifying subgroups of patients whose survival 
would be increased by surgery and subgroups yliejre 
surgery and medical tiratment seem to make no (|iffer- 
cnce in survival^ An interesting additional finding of this 
research hasl)een the identification of a group ^f heart 
attack patients who can be safely discharged*^ from ihe. 
n^pital aft^r only seven days stay, some eleven days 
less than the national average. Ultimately, databanks can 
l)e expanded and extended to tlie point wliere a national 
Chronic Oiseiise Information System may become feasi- 
ble. " 



Computer based consultation. The sheer amount of 
knowledge (information) required to appropriately care 
for patients is rapidly becoming greater than the meinoiy 
caj^ability ^f most physicians. Computer-based consulta- 
tion systems are being'developcd which use the computer 
to gather, store, and process medical/ clini^Kclata for 
the specific purpose of supporting and ^^I^Rg in direct 
patient care. These activities tend to fall into two general 
Categories: systems which monitor adequacy of care (e.g. 
detectmn of potential drug-drug interaction) and systems 
which suggest diagnostic procedures and thcr}ipy. Some 
systems tto both. An example of a projiect Avhich monitors 
patient care is the MEDIPHOR system developed at 
Stanford University (Colien, HS 00739). This system 
detects potential drug-drug interactions be jar v the drug 
in question is dispensed. The system creates an advisory 
whtcli, depending on the severity of the interaction, is 
placed in the patient's medical record or is sent directly 
to the attending pliysician. The advisory also contains 
consultative information in the form of suggested drug 
alternatives, do.sages, and routes of entr)\ The MYCIN 
system, also developi^d at Stanford University (Cohen, 
HS 01544), jServes as an example of a strictly consultative 
systein^ U^ing a rule-based j^pproach, c^nmonly referred 
to as artificial intelligence, MYCIN ^acts" like an.expert 
in infectious diseases. The system queries the physician 
to obtain patient clirlical information and, as more infor- 
mation is gathered, makes (and updates) recommenda- 
tions on what the unknown organism may be and what 
the best choice of antibiotic is based on the current com- 
pleteness of the patient data base (results of bacteriologi- 
cal tests and other*dianostic related information). The 
system has other ratTier unique and useful properties in 
that it can easily be ^'educated*' by adding rules and it 
will, wliQn so instructed, go through tlie logic of its 
recommendations step-by-step, making it a powerful 
teaching tool. 



Uler acceptance of such systems it an^ important con- 
cern and one that is currently under evaluation at. the 
Beth Israel Hospital (Rleich, HS 00188). Pespite the 
excellent clinical performance of the ^ Electrolyte and 
Acid-Base Program, physic^n utilization^ of the program 
has been disappqjj^tingly low, tspecially iA the better 
itaCTcd urban hospitals. Usage fhcreases after implemen- 
tation in smaller hospitals, but only temporarily, indicat- 
ing that the major use of such Systems* is educational. 
Too many busy pfiysicians have been deterred by system 
interface requirements on their time^ attention^ ancf niodc 
of dialogue, a problem that is not Hkcly to be solved 
until more acceptable ways of interfacing' wit!) the system 
are developed. ^ ^ 

The I^^^P system at thc^ University of Utah iiscj a 
different consultative approach (Warner, IJfi 01053). 
This system has access to a variety of patient information, 
including history, clinical laboratory tests, physiological 
parameters (when the patient is in the ICU), nurses' 
notes, and X-ray^rcsults. As information is accumulated, 
various computer programs (HELP sectors) come into 
play, creating monitoring and consultative information 
along the way. Normally the systenri is, passive in tFiat it 
waits for the physician to query HELP and then makes 
available whatever diagnostic and therapeutic informa- 
tion the data base has created in the HELP Sectors.^ The 
PROMTS system at the University of Vermont uses an 
opposite philosophy and **guidcs** the physician through- 
out the course of the care process, using a highly struc- 
tured, interactive program (Weed, HS 00175) . The mon- 
itoring and diagnostic/ therapeutic consultative informa- 
tion is presented to the physician during the course of 
interacting with the system, insuring that the^ physician 
is awar© of the consultative information. Acceptance X)f 
all these capabilities tc^ assist the physician in the case 
of his patients is growing. One problem which is devel- 
oping is how to maintain and update the growing num- 
ber of rather extensive data bases (e.g. drug-drug inter- 
action, medical care guidance frames, and ^cid-base 
consultations). It may soon be necessary to designate and 
organization (s) to be responsiWe for validating and 
maintaining these data bases. 



Special Hardware. In many information system appli- 
cations, there is a need to retrieve from the computer a 
series of framed of information. For the most part these 
frames require little or no computation time but are 
simply a transmission of formatted frames from the com- 
puter's disk storage to the terminals. Accessing these data 
and transmitting them to the terminals can cause an < 
excessive burden on he computer system and seriously 
degrade response times. One solution to this problem, 
under development at Washington University, St. lx>uis, 
will employ wide-band communication techniques to 
support a patient-based computer-assisted interview his* 
tory (Molnar, HS 01533). This new approach uses a 
cable television distribution network to broadcast ques- 
tionnaire information continuously and repetitively from 



a centralized data store. Thcie ''data burstf" oontain 
complied instructions similar to those developed for the 
computer-assisted instruction author languages^ and are 
complete with display frames, bt*anching instructions, and 
the necessary calculations to process orifc^ CRT screen of 
infbrmation. The project objectives arc to develop an 
efficient system for questionnaire administratipn, to dem- 
onstrate tltt technical and medical feasibility as well ai • 
the economic possibilities 6f a broa^cast-b^sed automated 
system for history gathering, and to develop appropriate 
terminals for ujp in such a broadcast scheme. Thc-^evel- 
opment of the ?|>ctiartranimitter and receiver hardware i 
required for the system has been competed. 

Another hardware innovation supported by' NCHSR 
is the interface and control for a Graph-pen V)nic digitizer 
^osati, HRA 230-76-03()p). In the coronary artery. dis- 
ease data bank project at Duke University, there' was a 
need to convert the X-ray angiogram images into a form 
that would allow them to be analyzed by the computer 
for determinations of volume and nonnality of contrac- 
tion. While the Graph-pen ^nic digitizer was comiper- 
cially availabftr, it had, to be modified to allow it to run 
simultaneously with the other user* of the computer. An 
interface was designed that traq^ferrcd the burden of 
control of the Graph-pen from the central computer to 
a local microprocessor while at tfie same time improving 
the efficiency of transmission of the digitized/ data. 



Technology trahsfor 
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The diffusion of technological -innovations within the 
health care system is a problem of sufficient magnitiule 
to justify its coexistence with other issues. The public 
IS made acutely aware of technological failures, where, 
for example drugs, lUD's gastric freezing techniques, 
radical mastectomies, and oral treatment for diabetes 
perhaps were disseminated too rapidly. The public is 
equally made aware that high costs may be associated 
with technologies such as the Computerized Tomography 
(CT) Scanner. 

On the other hand, innovations with proven benefit to 
the health care system and having high utility potential, 
such as computerized physician consultations (Bleich, 
HS 00188) and computer-stored medical record systems 
(Bamett, HS 00240; Weed, HS 00175) represent tech- 
nologies whose, application lags, in part because of the 
absence of educational transfer policies. Reduction of the 
lag time between development of an effective innovation 
and its availability^to the provider for subsequent benefit 
to the consumer of health services is viewed as having 
a facilitating effect on the resolution of other major 
health care issues, such as productivity and access, cost 
containment and financing, and quality assurance and 
improvement. Any strategy that would attempt to affect 
this lag time must include the development of improved 
mehodologies for the study of the process and outcome 
of technology transfer in ^he context of organizatiojial 
structures, industrial incentives, and the role of user's 
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groups in influencing vixiv of diffusion as uril as the 
cost and inainteliance of (lie (echnolof^ieal iiniovation. 

Such methodologies have heen applied only^ recently 
:is in the eurrrnt Tec hnology Assessment ( I A) of 
Clonipujei i/ed roinograpriy\(C 1 1) Scaimers. \\] this l A, 
healtji plarmeis, providers, and rrsearcheis are seeking to 
leaiii, as early and as precisely as possible, the impact 
of tins technological iiniovation on humai\ health, the 
cost*:KiKl eflVctiveness of healtly care, and the allocation 
(^f uationaT heahh resonrc es. 

Until recenti/ NC.llSR program activities in technol- 
ogy-, transfer have ,emphavi/ed (he Jollowing: ( I ) tlie 
t jj4)vernment\s' roW»- in providing iricenti\ es to the t(*cli- 
^ nology transf(»!*procOss sucji tis user groups (Ziimnerman, 
ItS^OIfi'lO) , system performance certification (llsieh, 
lAA (K)():l), sfandardi/ation ((VNeill, IAA 7:W0()I) and' 
technical assistance programs (Msieh, IAA 0()0,S) ; (2) 
increasing the knowledge base on the value of information 
dissemination (I.ave, HS 02122) ; aiul (3) the deveh)p- 
mejit ol new technologies, such as the MKSC'H system 
for ( ustomi/ing computer applications (/.imme^ man, IIS 
027()()), which enhances the exportability of othei', newly 
emerging technologies. These activities i}\c in addition to 
(he many demonstrations and evaluations of new tech- 
nologi(»s being conducted, the several surveys and state- 
of-th(»-art studies of depjoyed oi (Muerging technologies, 
and the mnnerous technology cOnlcrences and publica- 
tions ini(ia(ed by NClHSR, all of uhich par(ially address 
(he dissemina(ion issue*. 

'Two NC.HSR (echnology projec( areas which had as 
a primal y objec(ive (he facili(a(ion of (echnology (ransfer 
were compii(er-assis(ed elec(r(M ardiography and (he 
Ml^MI^S coiupu(er language, 15o(h had s(roBg eleinen(s 
of user groiip participadon in produc( develo|nS^i( and 
bo(Fi reli(»d on ( eiUiali/ed !esoiM"C(*s foi" sof(wa!e i^ro- 
du(tion, main(enance, and (lis(ribu(ion. I^odi also in- 
cluded procedures for pnnluct s(an(lardi/a(ion and cer(i- 
fica(ion as well as a mechanism for (echnical assis(ance 
during (he adop(ee's ii!iplemen(a(ion j)hase. 

In NC'IISR assumed res|M)nsibiIi(y from a prede- 

cessor orgaiu/<'i(ion for an in(ramurally developed elec(ro- 
cardiogiam (KCXJ) analysis sys(eni (TX'AN), A( (ba( 
time the (eclmology had been (lemons(ra(ed. under labo^ 
ra(ory condi(ions, as being capable of accurately per- 
forming the caidiologisl (|unc(ion of measuring llie VjCA] 
wave and providing an in(erpre(a(ion. A pro(otype sys- 
tehi, wi(h (he cooper;^(io^i of *M) reino(e hospitals and 
clinics, was processing over r)0,000 KC(J'*s per year. 
During (his same period comparable sys(ems were under 
^ development a( (lie Washington Veterans' Administration 
Hospital, the Mayo C!Ilini(\ and the IHM Cor|>oration. 
None of thes(* systems had been depK^yed or implemented 
by a health care facility as part of its routine fce.-for- 
service operation. 

• 'The NC'IISR program ty initiate such a transfer was 
the first. It began with the l%9' contract to St. Luke's 
Hospital in Denver to demonstrate the feasibility of such 
systems to process tlie FXXI's of an inpatient population 
for a large region. By I97!i all of the over 20 participating 
hospitals had elei ted to continue tht 



serv icers on a fee- 



erJc 



for^servic.r basis (Elliott/ HSM ! 10-^9-414). Physician 
feedback from the Denver project was used to improve 
the system's performance (-fJandberg, HS 110-72-077) 
and formali/e a usei's group (Hsieh, IAA (X)!!) • 

Over 4(K) trt|)e copies of the ECAN. source code were 
disseminated, and adopting institutions were encouraged 
to participate'' in a data pool strategy that provided 
technical assistance and leading to certification of the 
pi()gr<un\ pel formance in the adoptee's environment- 
( Harnes, n)7()). Awareness of the te'chnolDgy was sits- 
tamed by partiopption of the professional societies (Dr^i- 
.fus, 197(1) and efforts to promoir standardization 6l ECG 
criteria and diagncxstic terminology* (Clole, 1975). ^ 

Uy 1975 over 4 million ECX'/s were being coinputer- 
^ processed ammally, providing services to approximately 
2,(K)0 hos|)itals aiuj an equal ntnnher of ambulatory cAre 
settings (Dra/ei), 1972). Most of this W^lume is processed 
telephonically by fewer than 20 nationaj or regional 
F.(X; service t)ureaus, 'The three largest companies, which 
account for over one-third of the total number of com- 
puter-processed E(X5's, all initiated their services iisinjj 
the NC'HSR TXlAN program. 'These three organizations 
have since applied their own research and development 
funds to either qnhance EC.AN or produce their own 
proprietary programs. Most of the other service bureaus 
and virtu;dly all of the institutions that process ECG's . 
only for \hc\r own facility lease the IHM program, which 
is contimiously bring updated and improved. 'The Malyo 
and the Veterans' Administration programs have had 
little impact beyond their developing institutions. Al- 
though NdHSR still receives and fills frequent requests 
foi T.CIAN documentaion,, it no longer supports program 
tMihanc(*ment. 

MUMPS, the computer language and operating system 
developed at the Massachusetts (Jeneral Hospital (Bar- 
nett, HS 00240), has followed a technology transfer 
cours(^ similar to that of computer-assisted electrocardi- 
ography. 'The power of^he language to facilitate medical 
information pmcessing needs was demonstrated initially 
at the Harvard Clommunily Health Plan anil the lan- 
guage was (piickiy emulated, Hy 1972 diere were eight 
dialects of the language in use throughout the country 
( JohnjV)n, I972T. laterally hundreds of medical applica- 
tions uere being developed, a do/en or more supported 
by NClHSR, and many more by the growing number of 
institutions that as part (if their shift towards minicom- 
puters had a(lo])ted MIJMI\S as the' language of choice. 

The transfer of applications between institutions which 
used difTerent dialects was a diflicult, expensive, and 
time-consnming procedure (Lucas, 1976) . In 1973 
NC'HSR initiated an interagency agreement with the 
Na\ional Bureau of Standards to. develop a strategy for 
standardization of the language (O'Neill, lAA^ 730001), 
an effort which culminated with the 1977 announcement 
that ^"The MUMPS Lai^uage Standard" had been ap- 
proved by the American National Standards Institute 
(ANSn. 'The MUMPS Users' Croup, established in 
1971, contributed to this acceptance thmugh its programs 
to establish a central resource for all MUMPS documen- 
tation and to facilitate the exchange of information be- 



/I 



\ 



twccn both individual and inslittitional users (Zimmer- 
man, HS Oir) »6). Upon tho 1976 termination of NCHSR 
funding for thr standrfrdization effort, the MUMPS 
Development C^onunittee, roniiX)sed of over 30 volunteer 



particy:)ants, elected to continue its responsibilities for 
maintaining and enhancing the proposed standardt Like- 
wise in 1977 the MUMPS Users' (iroup became an 
incorporated, not-for-profit enterprise. 
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Abrahamson, S.; HS 00020; Univei*sity of Southern Cali- 
fornia; "Evaliiafion of Comput<?r Controlled Patient 
Simulator." ^ 

Bamhard, H.; HS 00525; University of Arkansas Medi- 
cal Center; ''Diagnostic Radiology Infoiination Sys- 
tem," 

Barnett, G.; HS 00240; Massachusetts General Hospital; 
**FJospital Compuier Project." 

Barrett, J,; HSM 1 10-73-331 ; Battelle Columbus Labora- 
tories, /*An Evaluation of the Impact of the Imple- 
mentation and Ojxjration of the Tcchnicon Medical 
Infonnation Systems at El Camino Hospital. ' 

Bellville, J ; 00146; Stanford University Medical Center; 
"Pemonstration of Gomputer Monitoring." 

Bchrendt, T.; HSM 110-69-185; Jeflfewon Medical Col- 
lege of Philadelphia; ^'Television Opthalmoscopy De- 
velopmerJf: Feasibility Testing for Geometric and 
Temporal Studies." 

Billmeyer> P.; HS 01202; Physicians Association of 
Clackamas County; ''Implementation of a MUMPS 
System to a Decentralized HMO." 

Binnings, G.; PH 86-68-191; Aerojet General Space 
Division ; ''Streptococci Detection, Develop Automated 
Methodology." 

Bleich, H.; HS 00188; Beth Israel Hospital; "Automa- 
tion of Medical Consultation." 

Bruce, R,; HS 00092; Univei-sity of Washington School 
of Medicine; **Coniputer Diagnosis of Cardiovascular 
Disease." 

Brunjes, S.; HS 6l577; Yale University School of Medi- 
cine; "Quality of Care and an HMO Automated Medi- 
cal Record." 

« 

Castle, G; HS 01481; University of Utah; '^Salmon- 
Challis Medical Communication Project." 

Castleman, P.; HSM 110-71-244; Boh, Bcranek and 
Newman, Iflfc., ''Evaluation of Automated Medical 
History and development of Other Computer Applica- 
tions in the Medical Practice Setting." 



Clark, G.; HS 00427 ; JJViiveraity of Tenncswe SUiool of 
Medicine; "Computer Techniques in Patient Care/* 

Cloutier, R. ; HSM 1 10-69-409; Bcrkefey Scientific Lmbi.; 
**A Study of the State of thi Art laboratory Automa- 
tion." . , ; 

Cohen, S.; HS 00739; Stanford University; "A <tom- 
puter-Based On-Line Drug ' Therapy Monit<mng 
System." • 

Cohen, S.; HS 01544; Stanford University; ''Computer- 
Based Consultations in Clinical Therapeutics." 

Cole, S.; HS 02603; Engineeriog Foundation; "Com- 
puterized Interpretation of |Kc ECG-H." (Confer- 
ence) ^ 

CoUen, M.; HS 00288; Kaiser Foundation Research 
Institute; "Health Services Research Center." 

Coriell, L.; HS 00130; Institute for Medical -Research; 
"Evaluation of Hospital Clean Rooms". 

Cox, J ; TOl H6 00074; Washington University School 
of Medicine; "Technology in Health Care." (Training 
Grant) 

Cronkhite, L.; HS 00113; Children's Hospital Medical 
Center; "Control of Operations by Scheduling Using 
T^nninal." 

Davis, &.; HRA 230-77-0112; Visiting Nurse Association 
of Vennontl "Demonstration of a Corrtputerized De- 
cision Support System in a Nurse Practitioner' Staffed 
Rural Health Clinic.'' 

DeBakey, M.; HSM 110-69-237; Baylor University 
School of MedjiciAe; "Small Computer Net^Vprk for 
Monitoring the Critically III." % ^ 

DeNavarez, F.; HSM UO-70-346; Medical and Health 
Research Association of New York City^ Inc.; "A 
Preliminary .Demonstration of Automated Sputum 
Cytology for Mass ScrAning." 

Drazen, E.; HRA 230-75-212 ;. Arthur D. Little, Inc.; 

'Impact and Diffusion of d Technological Innovation 
. for Health Care — A Study of Automated ECO Sys- 



tems. 
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*Note: See Selected Bibliography for National Technical Infor- 
mation Service (NTIS) PB numbers in order to obtain reportt. 



Dreifuj, L.; HRA 230-76-0166; The American College 
of Cardiology; "Optimal Electrocardiography." (Con- 
ference) 



Dunn, D.; HS 01132; Iowa Hospital AMociation, Inc.; 
"Long-Term Care Com|>onfnt--»^Iowa Health Data 
System." 

Edmunds, 11.; HS 014f>7 ; -University of Pennsylvania; 
''Evaluation of <Iomputer- Aided Cfire After Heart 
Surgery." ^ ^ 

Edvvards, S.; HSM 110-70-368; Good Samaritan Hos- 
pital; "IXMuonstration and Evaluation of the Shared 
Modular Hospital Information System." 

Elliott, R.; HSM 110-69-414; St, LukeV Hospital Asso- 
ciation; ^^Demonstration and Evaluation of a Com- 
munity Hospital-BajTed Computer Assisted Electro- 
cardiographic Interpretation Service." 

Evans, J.; PH 86-62-213; George Washington Univers- 
ity; "Coronary Cafe Unit Patient Monitoring, Rc- 
searcji and Developm(,*nt." 

^Feiastcin, A.; HS 00408; Yale University School of 
Medicinp; "Improvement of Methodology for Clinical 
Evahiations." 

Fifcr, W.; HS 01591; IntersUidy, Inc.; "Innovative 
Technology in a Rural Health Care System." 

Frazier, W.; HS 02149; Yale University; "Validation of ' 
Quality Assessment Measures in EMS." 

Fries, J.; HS 01875; Stanford University School of 
Mfedicine; "Computerized National Chronic Disease 
Databank System." ^ 

Gall, J.;^HSM 110-71-128; El Camino Hospital; "Dem- • 
onstration of an Existing Hospital Information Sys- 
tem.** ' 

Gall,' J.; HS 02027; El Camino Hospital; "A Patient 
Care Qjialitj? Assurance System." 

Gardner, R.; HS 02463; Latter-Day Saints Hospital; 
"Computerized Protocols Applied to Emergency Care." 

Garrett, R.; PHS 108-66-299; Tulane University; "HIS, 
^ Optical Input/Output Recording." 

Giebink, G.; HS 01052; Denver Department of Health 
and Hospitals; "Urban Comprehensive Health Care 
Inforw^ation System." 

Gookins, R.; HSM 110-70-71; Berkeley Scientific Labo- 
ratori<is; "A 5?uidy of State-of-the-Art of Laboratory ^ 
Automatiort." , 

Gravenstein, J.; HS 01390 & HSM 110-72-383; Case 
I. Western Jleserve University; "Laser Mediated Tele- 
ijiedicinc in ^Anesthesia." 

Gimafson, D; HS 00316; University of Wisconsin; 
"Medical Diagnosis Using Subjectivp Probabilities." 

Habig, R.;^HS 00473; Duke University; ^'^Improvements ^- 
in Automated Clinical Chemistry." 

Haywood, L.; HS 00106; L.A/ County General Hos- 
pital; ^'Comprehensive Care of Acute ^Myocardial 
Infarction." f ^ 

Henley, R.; HrX 106-74-1 1«; University of C^li[ornm; 
"An Analysis of Automated Ambiilaifory Medical 
Record Systems." 



Hicb, G.; HRA 106-74-188; Emergency Care Rcscar^ j 
Institute; ''Evaluation of Emergency Medical Devic^l 
and Systems." \ ^ 

Hsidi, R.; lAA 0003; lialtimore PHS Hospital; ^'CUnW' r' 
Evaluation of the Health Care Teclmical Division 
EGG Analysis Program (ECAN)." < 

Huflf, W.; HS 00083; The Sistcra of the Third Qixl^cr of/y- . 
St. Francis; ''Demonstration of a Shared Hospital In^../' 
formation System." ^ ii , 

•Jessiman, A,; HS 00089; Peter Bent Brigharn Hoipitilj; 
"Real Time Computer Services ^or AmbuJi^tory a 
Clinic." " ' ' f,' 

Kelser, G.; PH 86-62-213; George Washington Univer*- ' ^ 
ity; "Coronary Care Unit Patient Monitoring,'^ 1 ^ \ •• \ 

Kezdi, P.; HS 00128; Cox Coronary Hcait Institute^ \\s\ 
"0|i-Line Monitoring System for Intensive Care Unit.'* 

Kittle, R.; HSM 110-68^47; Lockheed Missiles Space 
Company; "Systems Analysis of Information Needs of . 
Nursing Stations." 

Klingenmeir, H. ; HSM 110-69-236; George Washington 
University; "Automated Patient Monitoring l3emon- 
stration and Evaluation." 

KomarofT, A.; HS 02063; Beth Israel Hospital, Hai^^ard 
Medical School; "Cost-EfTective Strategies in Ambu- 
latory Care." 

Korein, J.; HS, 00126; New York University Medical 
Center; "Computer Analysis of Narrative Clinical 
Data." 

Kujawski, W.; HM 00489; l5etroit-Macomb Hospitals 
Association ; "Dcmonstate Design of Computer-Doctor 
Interface," 

Lave, L.; HS 02122; Carnegie-MelR^r University; "The 
Value of Information Dissemination; An Analysis of 
. ERIC and MEDLINE." ' . 

Leonard, A.; ttSM 110-69-387; Regents of the Unir 
versity of Minnesota; "Computer Facility for Medical 
Monitoring." 

Llndberg, D.;1kS 00014; University of Missouri Medical 
Center School of Medicine; "Computer Recognition 
of Human Disease Patterns." 

Lindberg, J3,; HS 02569; University of Missouri; 
"Health Care Technology Research Center."^ 

Lodwick, G.; HS 00646; University of Missouri Medical 
Center; "Missouri Automated Radiology System." 

Lucas, P.; HS 01571 & HS i 10-7:^-1 19^; University of 
Misi3ouri; "Automated Physician*s Assistant." 

Marohde, R.; HS 50084; University of'Southern Cali- 
y^fornia School of Medicine; "Digital Computer and 

patient Care: A Pilot Study." 
Marshall, C; HS 01392; Mt. Sinai School of Medicine; 

"East Harlem Broadband Health Communications 

Network.'^ 

Marshall, C; HSM 110-72-382; Mt. Sinai School of 
MeJBcine; "Bi-Directional Video Communication and 



Facsimile Reproduction LivMfi Between a Housing 
Project Pediatric Clinic and the Mount Sinai Medical 
Center;' 

Martin, M.; HS (K)043; Muyo Foundation; A Cx)m- 
puter-Ccneratcd and Computer^ Processed Health 
Questionnaiir." 

Mcl>>nald, C.j HS 02485 & HRA 106-74-18; Indiana 
University Medical School; **ContiX)lled Trial of a 
Quality Assurance Meclianisni.'* 

Mesel, E.; HSM 110-71-252; University of Albaina; 
'^Development of a System for On-Line Medicaid 
Claims Processing.'* ^ 

Molnar, C; HS 01533; Washington University; **Broad- 
cast Computer System for Patient History Taking." 

Moore, C; HSM 110-72-384; Harvard University; 
*'Evaluation of a Video-Augmented Consultation Sys- 
tem 'Between Physician Extendei-s a"t Neighborhood 
Health Clinics and Physicians at a Community Hos- 
pital." 

Moiijan, A.; HS 01472; Harvard Medical School ; **Coit)- 
jMiter Aids to Therapy in Critical Care." 

Neurath, P.; HS 00696; Tufts New England Medical ' 

Center; ^^Development of A DifTcrential White Cell 
• Count System." 

Nol)eI, J.; HS (K)070; Graduate Pain Re.search Founda- 
tion; ''Devolopment of an Emergency Life Support 
Pod" 

Nobel, J.; HS 00077; Graduate Pain Research Founda- 
tion; "Demonstration of Hospital Emergency Com- ^ 
niand Systeui." 

CTNeill, J:; HRA 106-74-182; MITRE Corporation; 
"A Study of the Technology Required to Support 
Non-PhfSician Providing Hcajth Care." 

O'Neill, T.; lAA 730001 ; National Bureau of Standards; 
^'Development of the MUMPS Language Standard." 

OdorofT, C; HS 00685; University of Rochester; "Ap- 
plication o.f Statistical Methods to Record Linkages." 
Petters, J ; HS 00167 WuesthofT Manorial Hospital; '*A 

Guide to Automatibn for Hospital Administration." 
Pickett, R.; HRA 106-74-180; Bolt, Ikranek and New- 
man, Inc.; ^^Demonstration of a Method for Improv- 
ing the Performance of an Ambulatory Clinic through 
the .Planned Application of Technology." 
Pribor, H.; PH 86-^7-288; Perth Amboy (;eneral Hos- 
pital; '^Automated Screening for Cei-vical Cancer Us- 
'ing Particle Counters and Computer Technology." 
ilftppaport. A.; HS 00060; Ycfungstown Hospital Asso- 
ciation; **Computers-Automation : Impact on Labora- 
^tory ManJigement." 
^{ieynolds, W.; PH 86-68-41; ITT Researc^ Institute; 
y **Develop and Furnish 5 Flexible Endoscopes." 
fllober^fc, S.; HRA 106-74-181; Regenstrief Institute; 
^' Ipiproving the Performance of Hospital Outpatient 
..\^"€l\nics Through Planned Applications of Manage- 
lUC«t Science." 



Robinson, R.; HS 00093; Bowinan Gray School of 
Medicine; *i>monstration of tl^e Integration of Ac- 
tive Medical Records." 

Rockart, J.; HS 00307; Uhey Clinic Foundation; "Am- 
bulatory ScJiedufing: A Management Science Ap- 
proach." 

Rogen, J ; HS 02^; Northwestern University; Auto- 
mated Record Summaries: Analysis of aii Experiment.** 

Rosati, R.; HRA 230-76-0300; Duke University; '•Com- 
puterized Data for Treating Chronic IlIncM." 

Rudy, i^d^SM 110-72-381; Illinois Department of 
Mental Health; "Picturephone Network for lUinoif 
Department of Mental Health Medical Complex, Com- 
nmnity Mental Hci^hh Program." 

Russell, P.; HSM 1 10-69-236;/ George Washington Uni- 
versity; ** Automated Patient Monitoring Demonstra- 
tion and Evaluation.*' 

Sandberg, R.; HSM 110-72-077; University of Missouri; 
•^Modification of the Health Care Technology Division 
12-Lead ECG Analysis Program (ECAN).*' 

Sanders, C; HSM 110-69-372; Massachusetts GcneraK 
Hospital; "Automated Patient Monitoring Demonstra- 
. tion and^ Evaluation." 

vSchwartz^ W.; HS 0091 1 ; New England Medical Ceitter 
Hospital; "Computer Aided Medical Decision 
Making." 

Seibert, D.; HSM 110-72-387; Dartmouth Medical 
School; "Two-way Television to Support Physician 
Extenders in Dennatolocy'lmd'^^pSec^i Therapy." 

Seiden, G.- CD 00302 ; /Albert Einstein College of 
Medicine; "Computeri*:ed Vector Cardiograpu of 
Susj^ected Coronary Patients." 

Seligson, D.; HS 00075; Yale University; "Use of Com- 
puters to Improve Clinical Laboratory." 

Seubold, F.; PH 86-68-191; Aerojet Genqj^aJ Space 
Division; "Feasibility Demonstration of Automated 
" Systems for Detection of Group A Streptococcus.'* 

Shea, F.; HS 01566; Temple University Sciiool of Medi- 
cine; "Computer Mtinagement Systems for Diagnostic 
Radiology." 

Sherman, ^. HSM 110-69-264; MIT, Lincoln Labora- 
tories; "Development of Automated Medical History 
Questionnaire for Ambulatory Care Program " 

Sherman, H.; HSM 110-73^335; Massachusetts Institute 
of Technology, Lincoln Lab; "Use of Paramedics and 
Protocols for Selected Ambulatory Care Problems." 

Shilling, C; HSM 1 10-72-133; George Washington Uni- 
versity; Bibliographic Service for Health Care Tech- 
nology." • 

Showalter, V.; HS 01385; Bethany Brethren Garfielld 
Vmrk Community Hospital; "Telecommunications in a 
Health Care Delivery System." 

Showalter, V. ; HSM 1 10-72-385; Bethany Brethren Hos- 
pital; "Pictui-ephone and Cable for Visual Coinmuni- 

■?8 ' ^ 



cation and Tranainiasion of >fedical Records in the 
9«tluiny/Garfteld Community Health Care Network." 

Sicgel, J.; HS 01195; Albert Einstein Ck)llege of. Medi- 
cine; "Computer-Based Con9ultation in Clarr of 
Critically IlL" 

Simon, M.; HS 01054; Beth Israel Hospital- "C^cd 
Language Information Pix>cessing for Radiology." 

Simon, M.; HS 02099; Beth Israel Hospital; "On-Line- 
Code-Oencrated X-Ray Reporting and Data Recall." 

Slack, W,; HS 00283; University of Wisconsin; "Com- 
puter-Based Medical Interviewing Project." 

Spencer, W.; HS 00088; Texas Institute for Rehabilita- 
tion and Research; "Demonstration of a Hospital 
Data Management System." 

Spodick, D.; HS 00032; Tufts University School of 
Medicine; "Comprehensive Polygraphic Screening for 
Heart Disease." 

Starmer, F.; HS 01613; I^uke University; "Laboratory 
for Development of Health Infonnation System." 

Tisdale, W.; HRA 230-75-204; Univereity of Vennont; 
"Evaluation of the Problem-Oriented Medical 
Record." 

Tompkins, R.; HSM 110-73-403; Dartmouth College; 
"Computer-Based Paramedic Supfk^rt and Audit." 

U.S. Government; NSF 75-400; "Automation Oppjor- 
tunities in ^rvice Sectors." 

Vallbona, C.-; HS 01589; Baylor University School of 
lyledicine; **Emergency Care Quality: Usefulness of 
Patient Profiles." 

Vastola, E.; HSM l|l 0-69-376; State University of New 
York; "Visual Data Processing System for the Medical 
Sciences." 

Visco, G.; HRA 106-74>-21 ; National Institute >or Com- 
munity Development; "Health Services Technology 
BibFiographic Service." 

von der Groeben, J.; HS 00146; Stanford University; 
"Demonstration Project Computer Monitoring (Sur- 
gical)." 

Wallace, J.; PH 86-67-291 ; Jefferson MedicAl College; 
"Cancer and Nonnal Measurement by Electro Spin 
Respome." 

Warner, H.; HS 01053; Latter^Day Saints- Hospital; 
**Automated Health Services." 

Wechsler, A.; HSM 110-70.406; Arthur D. Little, Inc.; 
"An Indepth Evaluation of Medlab Patient Monitor- 
ing Systems." 



Weed, L.; HS 00175; UnivenityT>f Vermont; "Automa- 
tion of a Problem-Oriented Medical Record." 

. Weed, L.; HRA 230-76-0099; Univereity of Vennont; 
'Technological Specification, Implementation and 
Documentation of Uie Piublcm-Orienteil Medical In- 
fonnation System (PROMIS)." 

Weil, M^; HS 00238; Univoi-sity of Southern dalifoniia; 
"Development of Automated System for Critical Care 
Units." 

Weil, M.; HS 01474; University of Southern California; 
**Systeni for Medical Decisions in Emergency and 
Critical Care." 

Weintiawh, H.; HS 01508; Framingh^m Union Hospital; 
"Rapid Telephone Access to Radiology Reports." 

Wempner, J.; HSM 110-72-386; Lakeview CUnic; "Bi- 
directional Cable Television System to Support a Rural 
(Jroup Practice." 

Werthamer, S.^ HS 00016; Methodist Hospital of Biwk- 
lyn, "Computerized Hospital Information and Hos- 
pital Communication System." 

Wied, G. ; HS 00025 ;XJnivenjity of Chftago; "Taxonomic 
Intra'-Cellular Analytic System (TICAS) /for Im- 
proved Cytologicul Piagnosis." 

Willemain, T.; HS 01658; Massachusetts Institute of 
Teclinology; "Models for Health Care Decentraliza- 
tion." 

Wilson, W.; HS 01210; Univei^ity of Nebraska Medical 
Center; ^'Evaluation of Remote Radiographic Com- 
munication." 

WinickofT, R.; HS 02142; Harvard Community Health 
Plan ; "Computer-Based Ambulatory Quality Assur- 
ance Program.*' 

Wolfe, H.; HS 02902; University of Pittsburgh; **A 
Computerized Evaluation Model for EMS Perform- 
ance." 

Wortinan, P.; HS 01646; Northwestern University; **An 
Evaluation of a Computerized ECO Analysis System." 

Yamamoto, W.; HSM 110-71-50; George Washington 
University;, "Development of a Cardiac Arrhythmia 
Monitor." 

Yamamoto, W.'; HS 01449; George Washington Uni- 
versity; "Demonstration of Health Care Technology." 

Zimmerman, J.; HS 01540; Washingtoi) University}" 
"Pilot Project~MUMP3<^Users' Group."^ 

Zimmcnnan, J.; HS 02760; Washington University; 
**Sj>ecification and Building of Ambulatory Care Rec- 
ords.»W 
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Record (PB 266 881, available NTIS only) 
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; 

(PHS) 78-3190 Uncertainties of FadeVal Child Health 
Policies: Impact In Two States (PB 283 202) 

(PHS) 79-3231 Israel Study of Socialization for Medicine 

(PHS) 79-3235 AAMC Longitudinal Study of Medical School 
Graduates of 1960 

(PHS) 79-3238 Some Effects of Quebec Health Insurance 



Research Summaries 

The Research Summary Series provides rapid access to 
significant results of NCHSR supportc<l research projects. 
The series presents executive summaries prepared by the in 
vestigators. Specific findings aff highlighted in a morr con> 
cisc form dian in the final report. The Research Summary 
Series is intended for health services administrators, planners, 
and ot^ier research users who require recent findings relevant 
to immediate programs in hf^alth services. 

(HRA) 77-3162 Recent Studies In Health Services Research, Vol. I 
(July 1974 through December 1976) (PB 266 460) 

(HRA) 77-3176 Quality of Medical Care Assessment yslng Out- 
come Measures (PB 272 455) 

(HRA) 77-3183 Recent Studies In Health^Servlces Research. Vol. 
II (0^-1976) (PB 279 198) 

(PHS) 78*3193 bptlmal Electrocardiography (PB 281 556) 

(PHS) 78 3201 A N^tl^nal Profile of Catastrophic Illness (PB 287 
291) - 

(PH9) 78-3187 CrUa/fon Measures of Nursing Care. Quality (PB 
287 449) 

(PHS) 78-3192 Assessing the Quality of Long-Term Care 
(PHS) 79-3230 Per-Case Reimbursement Vor Medical Care 
(PHS) 79-3236 Nurse Practitioners and Physician Assistants: A 
Research Agenda 



Policy RttSMrch 

* • ■ • 

The Policy Research Series , describes findings from the 
research program that have major significance for policy 
issues of the moment. These papers arc prepared by members 
of the staff of NCHSR or by independent investigators. The 
series is intended speciikally to. inform those in the public 
and private sectors who must consider, design, and imple- 
ment policies affecting the delivery of health services. 

(HRA) 77-3 18Z Cpntrollln^he dost of Health Care (PB 266 885) 



R^M.arch Reports 

The Rfsearch Report Series providen si^nificaiU rrscattch 
reports ill their entirety upon the coinplc^tion of the projcrt. 
Rrsrarch Rr|><)rtH arc drvrlo|>rd by thr priiu ipal iiwcHUgatorH 
who toiiductcd the irsraich, anil air diirctcd lo ndcttcd usm 
of hralth HcrviiTs irsrarch a.s part oCia rontiniiiiig NCHSR rf 
lort to rxpcditr the diHsnniiuiiion of new knowledge t^Niihing 
from its project support. 



(HRA) 76 3143 
(HRA) 77 3152 
(HRAr>^59 

(HRA) )7-3165 

(HRA) 77-3184 

(HRA) 77-3188 
(HRA) 77 3189 
(PHS) 78-3204 

(PHS) 79-3210 

(PHS) 78-3211 
(PHS) 79-3217-1 
(PHS) 78-3219 
(PHS) 79-3237 



Computer-Based Patient Monitoring Systems (PB 
266 508) 

How Lawyers Handle Medical Malpractice Cases 
(HRP 0014313) 

An Analysis of the Southern California Arbitration 
Project, January 1966 through June 1975 (HRP 
0012466) 

Statutory Provisions for Binding Arbitration of 
Medical Malpractice Cases (PB 264 409. available 
NTIS only) 

1960 and 1970 Spanish Heritage Population of the 
Southwest by County (PB 280 656, available NTIS 
only) 

Demonstration and Evaluation of a Total Hospital 
Information System (PB ^71 079) 
Drug Coverage under National Health 
Insurance: The' Policy Option^ (PB 272 074) 
Experiments In Interviewing Techniques: Field Ex- 
perlments In Health RA^prtlng (PB 276 080, 
available NTIS only) 

Telehealth Handbook: A Guide to Telecom- 
munications Technology for Rural and Neglect 
Health Care 

Emergency Medlcat Technician performance 
Evaluation (PB 285 9«1) 

Evaluation of Child Abuse and Neglect 
Demonstration Projects, 1974-77, Vols. 1 and 2 
Needed Research In the Assessment and Mopltor- 
ing of The Quality of Medical Care (PB 288 826) 
A Cost-Effective Approach to Cervical Cancer 
Detection 



Research Management 



formation on NCHSR and its programs to research planners, 
administrators, and others who iire M)volvful with the alloca* 
tion ol rrsearch lesoiirces. , 

(PHS) ^9 3220 Emergency Medical Services Systert^s Research 

Projects, 1978 
(PHS) 79-3241 NCHSR Research Priorities 



Research Proceedings 

Thr Research Ihoceedirtgs Series extends the availability of 
new research annonnced at key conlercnccs, symposia and 
seminars sponsored or supported by NCHSR. In addition to 
pa|>er8 presented, piil)lications in this scries include discus- 
sions and responses whenever possible. The scries is intended 
to help meet the information needs of health services pro- 
viders and others who I'cquii'C direct access to concepts And 
ideiis evolving from the exchange of research results. . 

(HRA) 76 3138 Women and Their Health: Research Implications 
for a New Era (PB 264 359, available NTIS only) 

(HRA) 76-3150 Intermountaln Medical Malpractice (PB 268 344, 
available NTIS only) 

(HRA) 77-3154 Advances In Health Survey Research Methods (PB 
262 230) 

(HRA) 77 3181 NCHSR Research Conference Report on Con- 
sumer Self Care In Health (PB 273 81 1) 

(HRA) 77-3186 International Conference on Drug and Phar- 
maceutical Services Reimbursement (PB 271 366) 

(PHS) 78 3195 Emergency Medical Services: Research 
Methodology (PB 279 096) 

(V^S) 78-3207 Health Survey , Research Methods, Second Bl0n- 
nlal Conference 

(PHS) 78-3208 Drug Coverage Under Natlorial Health Insurance 

(PHS) 79-3209 Health Services Research In' Puerto RIco 

(PHS) 79-3226 lEmergency Medical Services Research 

Methodologies -Workshop I 
(PHS) 78-3227 Effects of the ^^ayment Mechanism on the Health 

Care Delivery System ^ 
(PHS) 79-3228 A National Conference on Health Ppllcy, Planning, 

and Financlrig the Future of Health Care/for 

Blacks In America 



The Research Manai^ement Series describes programmatic 
rather than technical aspects of the NCHSR research cfTort. 
Ii)ronnatioii is presented on the NCHSR goals, research ob 
jectives, and priorities; in addition, this series contains lists ojl 
grants and contracts, and adinini^rative information on fun 
ding. Publications in this series are intended to bring basic in 



Program Solicitations 



(HFI^) 77-3196 Conference Grant Information ; 
(PHS) 78-3224 Grants for Dissertation Research Support. 
(PHS) 79 3240 Grants for Research on Quality and Economy of 
Drug Prescribing 

/ 




^ U. B. OOVIRNMENT PlUNTlN^rFICI ; 1979 620-107/6 



